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METHODS AND COMPOSITIONS
INVOLVING TRANSMEMBRANE AND

COILED-COIL DOMAINS 3 (TM-CO3) IN
CANCER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a national phase under 35 U.S.C. § 371
of International Application No. PCT/US2016/0227757, filed
Mar. 17, 2016, which claims the benefit of priority to U.S.
Provisional Patent Application No. 62/135,028, filed Mar.
18, 2015, the entire contents of each of which are hereby
incorporated by reference in their entirety.

This invention was made with government support under
Grant Nos. RO1 CA72851 and 181572 from the National
Cancer Institute, National Institutes of Health. The govern-
ment has certain rights in the invention.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates generally to the field of
molecular biology and oncology. More particularly, 1t con-
cerns methods and compositions mvolving TMCO3 and
cancer prognosis and treatment.

2. Description of Related Art

Colorectal cancer (CRC) 1s one of the most common
malignancies worldwide, and 1s a major cause of cancer-
related deaths (Siegel 2012). Survival rates of patients with
CRC have increased 1n the past few years, possibly as a
result of earlier diagnosis and improved treatment regimens,
nonetheless, approximately 30-50% of patients who undergo
curative resection subsequently experience local tumor
recurrence or metastasis (Liecberman 2012). This subgroup
ol patients usually receive chemotherapy often in combina-
tion with monoclonal antibody therapy, with a median
overall survival duration of ~20 months, and the response
rates at best around 50% (Halama 2008). However, the
substantial financial costs associated with CRC treatment
not only present an economic burden, but also treatment of
all patients with chemotherapy without a prior1 selection
leads to overtreatment of patients with toxic agents that
produce severe adverse eflects (Meropol 2007).

In order to overcome this clinical challenge, there 1s a

clear need to identily biomarkers that will facilitate the
identification of patients with a poor prognosis, and permuit
personalized treatment strategies for such patients.

SUMMARY OF THE

INVENTION

Certain embodiments provide predictive, prognostic and/
or diagnostics methods for clinical management and treat-
ment of subjects have elevated TMCO3 levels as compared
to a control or reference level, or cancer patients, particu-
larly colorectal cancer patients or patients at risk or deter-
mined to have colorectal cancer. Methods and compositions
are based, 1 part, on the discovery that expression of
TMCO?3 1n cancer patients 1s associated with poor progno-
s1s, and can, therefore, provide basis for designing treatment
strategies; and also the discovery that mnhibition of TMCO?3
in cancer patients has therapeutic significance.
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2

In some embodiments, the subjects have an elevated level
of a downstream target of TMCO3. In some embodiments,
the downstream target 1s TFDPI.

Thus, methods of treating a cancer are provided, such as
a colorectal cancer, gastric cancer, lung cancer, or mela-
noma, in a patient that comprise administering to the patient
a pharmaceutical composition comprising an eflective
amount of an inhibitor of transmembrane and coiled-coil
domains 3 (TMCQO3) or a downstream target thereof and a
pharmaceutical acceptable carrier. In further embodiments,
the patient to be treated may be determined to have a higher
expression level of TMCO3 as compared to a control or
reference level that 1s normal or indicating favorable prog-
nosis prior to or during the treatment.

In certain embodiments, the inhibitor 1s an 1solated
nucleic acid molecule that hybridizes with a nucleic acid
molecule encoding TMCO3 (or a downstream {target
thereol), such as an siRNA, a double stranded RNA, a short
hairpin RNA, or an antisense oligonucleotide.

In further embodiments, the inhibitor 1s an antibody that
binds to a TMCO3 protein (or a downstream target thereotf)
and 1nhibits the activity of TMCO3 (or a downstream target
thereot). In still further embodiments, the inhibitor 1s a small
molecule compound, such as the TMCO3 inhibitor identi-
fied from pyrazine derivatives like amiloride, EIPA, HMA,
DMA; benzoylgunidines like HOE-694, cariporide, eni-
poride, zoniporide, SM20550, BMC-284640, T-162559 (S),
1-162559 (R), TY-123533, SL-391227, S03226, T-1625598,
KB-R9032; phenoxazine derivatives like Phx-1, Phx-3; or
Harmaline, Cimetidine, Clonmidine, or any combinations or
derivatives therefrom. In particular embodiments, the
TMCQO3 1bhibitor 1s determined to 1nhibit TMCO3 function
or activity. In some embodiments, the inhibitor inhibits
TMCO3’s activity of modulation of pH homeostasiss The
chemical structures and descriptions of the candidate
TMCO3 1nhlibitors can be any inhibitors of one or more
Na+/H+ exchanger 1soforms, for example, as described in
Reshkin 2013 or Masereel 2003.

Lipids may be used to facilitate the delivery of pharma-
ceutical compositions. For example, the pharmaceutical
composition further comprises cholesterol, polyethylenegly-
col (PEG), 1,2-dioleoyl-sn-glycero-3-phosphatidylcholine
(DOPC), egg phosphatidylcholine (“EPC”), dilauryloyl-
phosphatidylcholine (“DLPC”), dimyristoylphosphatidyl-

choline (“DMPC”), dipalmitoylphosphatidylcholine
(“DPPC”), di stearoylphosphatidylcholine (*DSPC”),
l-myristoyl-2-palmitoyl  phosphatidylcholine (“WPC”),
| -palmitoyl-2-myristoyl phosphatidylcholine (“PMPC”),
1-palmitoyl-2-stearoyl  phosphatidylcholine  (“PSPC”),
| -stearoyl-2-palmitoyl  phosphatidylcholine  (“SPPC”),
dlmyrlstyl phosphatldylchohne (“DMPC”), 1,2-distearoyl-

ycero-3-phosphocholine (“DAPC”), 1,2-diarachidoyl-

SN-g.

sn-glycero-3-phosphocholine (“DBPC”), 1,2-dieicosenoyl-
sn-glycero-3-phosphocholine (“DEPC”), palmitoyloeoyl
phosphatidylcholine (“POPC”), lysophosphatidylcholine,
dlhnoleoylphosphatldylcholme d1stearoylphophatldyletha-
nolamine (“DSPE”), dimyristoyl phosphatidylethanolamine
(“DMPE™), dipalmitoyl phosphatidylethanolamine
(“DPP. E”), palmitoyloeoyl  phosphatidylethanolamine
(“POPE”), lysophosphatidylethanolamine, phosphatidylser-
ine, phosphatidylglycerol, dimyristoyl phosphatidylserine
(“DMPS™), dipalmitoyl phosphatidylserine (“DPPS™), brain
phosphatidylserine (“BPS”), dilauryloylphosphatidylglyc-
crol (“DLPG™), dimyristoylphosphatidylglycerol (“DWG™),
dipalmitoylphosphatidylglycerol (“*DPPG™), di stearoyl-
phosphatidylglycerol (“DSPG”™), dioleoylphosphatidylglyc-
erol (“DOPG”), or any combination, or a liposome thereof.
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In further embodiments, the pharmaceutical composition
1s administered intravenously, itramuscularly, intraperito-
neally, intracerobrospinally, subcutanecously, intra-articu-
larly, intrasynovially, intrathecally, orally, topically, through
inhalation, or through a combination of two or more routes
ol administration.

There may be further provided a method for classifying or
prognosing a patient, such as a colorectal cancer patient,
comprising: measuring the level of expression of TMCO3 1n
a colorectal cancer sample of the patient; and classitying the
patient as having a favorable prognosis based on a lower
expression of TMCO3 1n the sample as compared to a
control or reference level that 1s normal or indicating favor-
able prognosis, or classitying the patient as having a poor
prognosis based on a higher expression level as compared to
the control or a reference level.

In certain embodiments, the methods may comprise
obtaining a sample. Non-limiting examples of the sample
include a tissue sample, a whole blood sample, a urine
sample, a saliva sample, a serum sample or a fecal sample.
In particular embodiments, the sample 1s a rectum sample, a
colon sample, a cecum sample, or more particularly, a
colorectal cancer sample.

The methods of obtaining a sample provided herein may
include methods of obtaiming a biopsy such as fine needle
aspiration, core needle biopsy, vacuum assisted biopsy,
incisional biopsy, excisional biopsy, punch biopsy, shave
biopsy or skin biopsy. In certain embodiments, the sample 1s
obtained from a biopsy from rectal, cecum, or colon tissue
by any of the biopsy methods previously mentioned. In other
embodiments, the sample may be obtained from any of the
tissues provided herein that include but, are not limited to,
gall bladder, skin, heart, lung, breast, pancreas, liver,
muscle, kidney, smooth muscle, bladder, intestine, brain,
prostate, esophagus, or thyroid tissue.

Alternatively, the sample may include, but 1s not be
limited to, blood, serum, sweat, hair follicle, buccal tissue,
tears, menses, urine, feces, or saliva. In particular embodi-
ments, the sample may be a tissue sample, a whole blood
sample, a urine sample, a saliva sample, a serum sample, a
plasma sample or a fecal sample. In particular embodiments,
the sample may be a bodily fluid sample, including, but not
limited to, a whole blood sample, a urine sample, a saliva
sample, a tear sample, a serum sample, or a plasma sample.
In further embodiments, the sample may be a sample that
has been enriched for certain exosomes.

Some embodiments further involve 1solating nucleic acids
such as ribonucleic or RNA from a biological sample or in
a sample of the patient. In certain aspects, 1solating nucleic
acids may not be needed or may be avoided. Other steps may
or may not include amplitying a nucleic acid 1n a sample
and/or hybridizing one or more probes to an amplified or
non-amplified nucleic acid.

The methods may further comprise assaying nucleic acids
in a sample. In certain embodiments, a microarray or any
methods known 1n the art may be used to measure or assay
the level of TMCO3 expression 1n a sample. The nucleic
acid assay methods may further include, but not be limited
to, PCR, digital PCR, dd PCR (digital droplet PCR), nCoun-
ter (nanoString), BEAMing (Beads, Emulsions, Amplifica-
tions, and Magnetics) (Inostics), ARMS (Amplification
Refractory Mutation Systems), RNA-Seq, TAm-Seg
(Tagged-Amplicon deep sequencing), PAP (Pyrophospho-
rolysis-activation polymerization), RT-PCR, in situ hybrid-
ization, northern hybridization, hybridization protection
assay (HPA)(GenProbe), branched DNA (bDNA) assay

(Chiron), rolling circle amplification (RCA), single mol-

10

15

20

25

30

35

40

45

50

55

60

65

4

ecule hybridization detection (US Genomics), Invader assay
(ThirdWave Technologies), and/or Bridge Litigation Assay
(Genaco), next generation RNA sequencing, or a combina-
tion thereof. The methods may further comprise recording
the TMCO3 expression level in a tangible medium or
reporting the expression level to the patient, a health care
payer, a physician, an mnsurance agent, or an electronic
system.

In further embodiments, measuring the level of TMCO3
eXpression may comprise measuring protein expression in
the sample. For example, measuring protein expression may
comprise performing ELISA, RIA, FACS, dot blot, Western
Blot, immunohistochemistry, antibody-based radioimaging,
mass spectroscopy, or a combination thereof.

Certain aspects of the methods are provided for patients
that are stage 1, II, III or IV colorectal cancer patients or any
combinations thereof.

In certain embodiments, methods described herein may
turther comprise monitoring the patient for colorectal cancer
under intensive surveillance after the patient has been clas-
sified as having a poor prognosis. In other embodiments,
methods may comprise monitoring the patient for colorectal
cancer under regular surveillance after the patient has been
classified as having a favorable prognosis.

In additional embodiments, methods may comprise treat-
ing the patient for colorectal cancer with a pharmaceutical
composting comprising a TMCO3 inhibitor (or downstream
target thereol) after the patient has been classified as having
a poor prognosis; or, alternatively, treating the patient for
colorectal cancer under regular surveillance 1f the patient 1s
classified as having a favorable prognosis.

The methods may further comprise recording the TMCO?3
expression level (or downstream target thereot) 1n a tangible,
computer-readable medium or a tangible data storage
device, or reporting the expression level to the patient, a
health care payer, a physician, an msurance agent, an elec-
tronic system, or a tangible data storage device.

Further aspects relate to a method for treating a patient for
carly or advanced colorectal cancer comprising: treating the
patient for advanced colorectal cancer aiter the patient 1s
determined to have an elevated level of TMCO3 expression
in a biological sample from the patient compared to a
biological sample from a patient with early colorectal can-
cer; or treating the patient for early colorectal cancer after
the patient 1s determined to have a TMCO?3 level of expres-
sion that 1s lower than or not significantly different than a
level of TMCO3 expression 1n a biological sample from a
patient with early colorectal cancer.

In some embodiments, early colorectal cancer comprises
category T1 or T2 colorectal cancer. In some embodiments,
carly colorectal cancer comprises category T1 colorectal
cancer. In some embodiments, early colorectal cancer
excludes category 12 colorectal cancer. In some embodi-
ments, advanced colorectal cancer excludes category T1 or
12 colorectal cancer. In some embodiments, advanced col-
orectal cancer excludes category T1 colorectal cancer. In
some embodiments, early colorectal cancer comprises cat-
egory NO colorectal cancer. In some embodiments, advanced
colorectal cancer excludes category NO colorectal cancer. In
some embodiments, early colorectal cancer comprises cat-
cgory MO colorectal cancer. In some embodiments,
advanced colorectal cancer excludes category MO colorectal
cancer.

In some embodiments, the treatment for early colorectal
cancer comprises surgical incision of the primary tumor. In
some embodiments, the treatment for early colorectal cancer
excludes surgical incision of the primary tumor. In some
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embodiments, the treatment for early colorectal cancer
excludes chemotherapy. In some embodiments, the treat-
ment for early colorectal cancer comprises chemotherapy. In
some embodiments, the treatment for the advanced colorec-
tal cancer comprises surgical removal of one or more
secondary tumors. In some embodiments, the treatment for
the early colorectal cancer excludes surgical removal of one
or more secondary tumors.

Further aspects relate to a biomarker for colorectal cancer
cells, wherein the biomarker 1s an elevated level of expres-
sion or activity of TMCO3. In some embodiments, the
clevated level of expression or activity of TMCO3 1ndicates
that the cells are colorectal cancer cells. In some embodi-
ments, a high elevated level of expression or activity of
TMCO?3 1s a biomarker for advanced colorectal cancer and
a low elevated level of expression or activity of TMCO?3 1s
a biomarker for early colorectal cancer. In some embodi-
ments, a low elevated level corresponds to a level of
expression or activity i a sample from a patient with early
colorectal cancer.

Yet further aspects relate to a method for diagnosing a
patient with advanced or early colorectal cancer comprising;:
diagnosing the patient as having or likely to have advanced
colorectal cancer or providing an analysis or report that the
patient has or likely has advanced colorectal cancer when
the expression or activity level of TMCO3 1n a biological
sample Irom the patient 1s determined to be elevated com-
pared to the expression or activity level of TMCO3 1n a
biological sample from a patient with early colorectal can-
cer; and diagnosing the patient as having or likely to have
carly colorectal cancer or providing an analysis or report that
the patient has or likely has early colorectal cancer when the
expression or activity level of TMCO3 in the biological
sample from the patient 1s determined to be not significantly
different or lower than the expression or activity level of
TMCO3 1n a biological sample from a patient with early
colorectal cancer.

In some embodiments, the method further comprises
comparing the expression or activity level of TMCO3 (or
downstream target thereot) 1n the biological sample from the
patient to a control level of expression. In some embodi-
ments, the biological sample from the patient 1s a sample
from a primary colorectal cancer tumor. In some embodi-
ments, the method further comprises treating the patient for
carly or advanced colorectal cancer.

Further method aspects relate to a method for determining,
whether a biological sample comprises colorectal cancer
cells comprising: measuring the expression or activity level
of TMCO?3 (or downstream target thereof) in the biological
sample; comparing the expression or activity level of
TMCO3 (or downstream target thereol) in the biological
sample to the expression or activity level of TMCO3 (or
downstream target thereol) in a non-cancerous biological
sample; determining that the biological sample comprises
colorectal cancer cells when the expression or activity level
of TMCO3 (or downstream target thereol) 1n the biological
sample 1s higher than the expression or activity level of
TMCO3 (or downstream target thereof) 1n the non-cancer-
ous biological sample; and determining that the biological
sample 1s non-cancerous when the expression or activity
level of TMCO3 (or downstream target thereol) in the
biological sample 1s not significantly different than the
expression or activity level of TMCO3 (or downstream
target thereol) in the non-cancerous biological sample. In
some embodiments, the biological sample 1s tissue adjacent
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to a surgical site of a colorectal cancer patient. In some
embodiments, the biological sample 1s comprises lymph
node tissue.

In some embodiments, the method further comprises
measuring the expression or activity level of TMCO3 (or
downstream target thereof) 1n a biological sample from the
patient. In some embodiments, the expression or activity
level of TMCO3 (or downstream target thereol) 1s deter-
mined by a method described herein. In some embodiments,
the mRNA expression level of TMCO3 (or downstream
target thereol) 1s or was determined 1n the patient. In some
embodiments, the protein expression level of TMCO3 (or
downstream target thereol) 1s or was determined i1n the
patient. In some embodiments, the activity level of TMCO3
(or downstream target thereof) 1s or was determined 1n the
patient.

In some embodiments, the subject has and/or has been
diagnosed with advanced colorectal cancer. In some
embodiments, the advanced colorectal cancer comprises
category T3 or T4 colorectal cancer. In some embodiments,
the advanced colorectal cancer comprises category 14 col-
orectal cancer. In some embodiments, the advanced colorec-
tal cancer excludes category 13 colorectal cancer. In some
embodiments, the early colorectal cancer excludes category
13 or T4 colorectal cancer. In some embodiments, the early
colorectal cancer excludes category T4 colorectal cancer. In
some embodiments, the advanced colorectal cancer com-
prises lymph node metastasis. In some embodiments, the
carly colorectal cancer excludes lymph node metastasis. In
some embodiments, the advanced colorectal cancer com-
prises category N1 and/or N2 colorectal cancer. In some
embodiments, the advanced colorectal cancer comprises
category N2 colorectal cancer. In some embodiments, the
advanced colorectal cancer excludes category N1 colorectal
cancer. In some embodiments, the early colorectal cancer
excludes category N1 and/or N2 colorectal cancer. In some
embodiments, the advanced colorectal cancer comprises
distant metastasis. In some embodiments, the early colorec-
tal cancer excludes distant metastasis. In some embodi-
ments, the distant metastasis 1s liver metastasis. In some
embodiments, the advanced colorectal cancer comprises
category M1 colorectal cancer. In some embodiments, the
carly colorectal cancer excludes category M1 colorectal
cancer.

In some embodiments, the advanced colorectal cancer
comprises Stage II, Stage III, and/or Stage IV colorectal
cancer. In some embodiments, the advanced colorectal can-
cer comprises Stage 111 and/or Stage IV colorectal cancer. In
some embodiments, the advanced colorectal cancer com-
prises Stage IV colorectal cancer. In some embodiments, the
advanced colorectal cancer excludes Stage 1 and Stage 11
colorectal cancer. In some embodiments, the advanced col-
orectal cancer excludes Stage I, Stage II, and Stage III
colorectal cancer. In some embodiments, early colorectal
cancer comprises Stage I colorectal cancer. In some embodi-
ments, early colorectal cancer excludes Stage II, Stage III
and/or Stage IV colorectal cancer. In some embodiments,
carly colorectal cancer excludes Stage III and/or Stage 1V
colorectal cancer. In some embodiments, advanced colorec-
tal cancer excludes Stage 1 and/or II colorectal cancer. In
some embodiments, advanced colorectal cancer excludes
Stage I colorectal cancer.

In some embodiments, early colorectal cancer comprises
category T1 or T2 colorectal cancer. In some embodiments,
carly colorectal cancer comprises category T1 colorectal
cancer. In some embodiments, early colorectal cancer
excludes category 12 colorectal cancer. In some embodi-
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ments, advanced colorectal cancer excludes category T1 or
12 colorectal cancer. In some embodiments, advanced col-
orectal cancer excludes category T1 colorectal cancer. In
some embodiments, early colorectal cancer comprises cat-
cgory NO colorectal cancer. In some embodiments, advanced
colorectal cancer excludes category NO colorectal cancer. In
some embodiments, early colorectal cancer comprises cat-
cgory MO colorectal cancer. In some embodiments,
advanced colorectal cancer excludes category MO colorectal
cancer.

In some embodiments, the cancer 1s recurrent. In some
embodiments, the patient or subject 1s one that has already
been treated for the cancer.

In some embodiments, the method further comprises
administration of one or more of cetuximab, fluorouracil,
oxaliplatin, irnotecan, bevacizumab, panitumuman, afiber-
cept, leucovorin, and radiotherapy. In some embodiments,
the method excludes administration of one or more of
cetuximab, fluorouracil, oxaliplatin, irinotecan, bevaci-
zumab, panitumuman, afibercept, leucovorin, and radio-
therapy. In some embodiments, the treatment for advanced
colorectal cancer comprises administration of one or more of
cetuximab, fluorouracil, oxaliplatin, 1irinotecan, bevaci-
zumab, panitumuman, afibercept, leucovorin, and radio-
therapy. In some embodiments, the treatment for advanced
colorectal cancer excludes administration of one or more of
cetuximab, fluorouracil, oxaliplatin, irinotecan, bevaci-
zumab, panitumuman, afibercept, leucovorin, and radio-
therapy. In some embodiments, the treatment for early
colorectal cancer comprises administration of one or more of
cetuximab, fluorouracil, oxaliplatin, irinotecan, bevaci-
zumab, panitumuman, afibercept, leucovorin, and radio-
therapy. In some embodiments, the treatment for early
colorectal cancer excludes administration of one or more of
cetuximab, fluorouracil, oxaliplatin, 1irinotecan, bevaci-
zumab, panitumuman, afibercept, leucovorin, and radio-
therapy.

In some embodiments, the method further comprises
comparing the level of TMCO3 (or downstream target
thereot) 1n the biological sample from the patient to a cut-oil
value. In some embodiments, the method further comprises
comparing the expression level or activity level of TMCO3
(or downstream target thereot) 1n the biological sample from
the patient to the expression or activity level of TMCO3 (or
downstream target thereol) from a non-cancerous biological
sample. The expression level or activity level from a non-
cancerous biological sample may be an average value, a
normalized value, a cut-ofl value, or an average normalized
value. The expression level or activity level may be an
average ort mean obtained from a significant proportion of
patient samples. The expression or activity level may also be
an average or mean from one or more samples from the
patient.

In some embodiments, the colorectal cancer treatment
comprises surgical incision of the primary tumor. In some
embodiments, the colorectal cancer treatment for advanced
colorectal cancer comprises surgical incision of the primary
tumor.

In some embodiments, the method further comprises
comparing the expression or activity level of TMCO3 (or
downstream target thereot) 1n the biological sample from the
patient to the expression or activity level of TMCO3 (or
downstream target thereof) in a biological sample from a
patient with early colorectal cancer. In some embodiments,
the method further comprises comparing the expression or
activity level of TMCO3 (or downstream target thereof) 1n
the biological sample from the patient to the expression or
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activity level of TMCO3 (or downstream target thereol) 1n
a biological sample from a patient with advanced colorectal
cancer.

The expression or activity levels described herein may be
normalized values, means, averages, statistically significant
or cut-ofl values.

In some embodiments, the treatment for early colorectal
cancer comprises surgical incision of the primary tumor. In
some embodiments, the treatment for early colorectal cancer
excludes surgical incision of the primary tumor. In some
embodiments, the treatment for early colorectal cancer
excludes chemotherapy. In some embodiments, the treat-
ment for early colorectal cancer comprises chemotherapy. In
some embodiments, the treatment for the advanced colorec-
tal cancer comprises surgical removal of one or more
secondary tumors. In some embodiments, the treatment for
the early colorectal cancer excludes surgical removal of one
or more secondary tumors.

Any of the methods described herein may be implemented
on tangible computer-readable medium comprising com-
puter-readable code that, when executed by a computer,
causes the computer to perform one or more operations. In
some embodiments, there 1s a tangible computer-readable
medium comprising computer-readable code that, when
executed by a computer, causes the computer to perform
operations comprising: a) receiving information correspond-
ing to the level of expression of TMCO3 (or downstream
target thereol) 1n a colorectal cancer sample of a patient
suspected of having or determined to have a colorectal
cancer; and b) determining a difference value in the expres-
sion level of TMCO3 (or downstream target thereol) using
the information corresponding to the level of expression of
TMCO3 (or downstream target thereol) in the colorectal
cancer sample as compared to a control or reference level
that 1s normal or indicating favorable prognosis. In further
embodiments, the receiving information comprises receiv-
ing the imformation corresponding to the expression level
from a tangible data storage device.

In additional embodiments the medium further comprises
computer-readable code that, when executed by a computer,
causes the computer to perform one or more additional
operations comprising sending information corresponding to
the difference value to a tangible data storage device;
calculating a prognosis score for the patient; classifying the
patient as having a favorable prognosis or poor prognosis; or
determining a management, surveillance or treatment plan
for the patient.

In further embodiments, there may be provided a method
ol managing a patient suspected of having or determined to
have a colorectal cancer 1n a patient comprising: monitoring
the patient for colorectal cancer by performing colonoscopy
after the patient has been determined to have increased
expression of TMCO3 (or downstream target thereof) 1n a
sample of the patient as compared to a control or reference
level that 1s normal or indicating favorable prognosis.

In still further embodiments, there may be provided a
method of treating a patient suspected of having or deter-
mined to have a colorectal cancer 1n a patient comprising;:
treating the patient for colorectal cancer after the patient has
been determined to have increased expression of TMCO3
(or downstream target thereol) in a sample of the patient as
compared to a control or reference level that 1s normal or
indicating favorable prognosis.

In some embodiments, the elevated level is at least 1, 1.5,
2,25,3,35,4,45,5,5.5,6,7,8,9,10, 12, 14, 16, 18, 20,
50, 100, 130, 200, 2350, 500, or 1000 fold (or any derivable
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range therein) or at least 10, 20, 30, 40, 50, 60, 70, 80, 90,
100, 200, 300, 400, 500, 600, 700, 800, or 900%, or any

derivable range therein.

In some embodiments, the biological sample from the
patient 1s a sample from a primary colorectal cancer tumor.
In some embodiments, the biological sample 1s from a tissue
or organ as described herein. In still further embodiments,
the method may comprise obtaining a sample of the subject
or patient or obtaining a sample from the subject or patient.
Non-limiting examples of the sample include a tissue
sample, a whole blood sample, a urine sample, a saliva
sample, a serum sample or a fecal sample. In particular
embodiments, the sample 1s a rectum sample, a colon sample
or a cecum sample.

The term subject or patient may refer to an animal (for
example a mammal), including but not limited to humans,
non-human primates, rodents, dogs, or pigs. The methods of
obtaining provided herein include methods of biopsy such as
fine needle aspiration, core needle biopsy, vacuum assisted
biopsy, 1ncisional biopsy, excisional biopsy, punch biopsy,
shave biopsy or skin biopsy.

In certain embodiments the sample 1s obtained from a
biopsy from rectal, cecum, or colon tissue by any of the
biopsy methods previously mentioned. In other embodi-
ments the sample may be obtained from any of the tissues
provided herem that include but are not limited to gall
bladder, skin, heart, lung, breast, pancreas, liver, muscle,
kidney, smooth muscle, bladder, intestine, brain, prostate,
esophagus, or thyroid tissue.

Alternatively, the sample may include but not be limited
to blood, serum, sweat, hair follicle, buccal tissue, tears,
menses, urine, feces, or saliva. In particular embodiments,
the sample may be a tissue sample, a whole blood sample,
a urine sample, a saliva sample, a serum sample, a plasma
sample or a fecal sample.

In certain aspects the sample 1s obtained from cystic fluid
or fluid derived from a tumor or neoplasm. In yet other
embodiments the cyst, tumor or neoplasm 1s 1n the digestive
system. In certain aspects of the current methods, any
medical professional such as a doctor, nurse or medical
technician may obtain a biological sample for testing. In
turther aspects of the current methods, the patient or subject
may obtain a biological sample for testing without the
assistance ol a medical professional, such as obtaining a
whole blood sample, a urine sample, a fecal sample, a buccal
sample, or a saliva sample.

In further embodiments, the sample may be a fresh, frozen
or preserved sample or a fine needle aspirate. In partlcular
embodiments, the sample 1s a formalin-fixed, paraflin-em-
bedded (FFPE) sample. An acquired sample may be placed
in short term or long term storage by placing 1n a suitable
medium, excipient, solution, or container. In certain cases
storage may require keeping the sample 1n a refrigerated, or
frozen environment. The sample may be quickly frozen prior
to storage 1n a frozen environment. In certain instances the
frozen sample may be contacted with a suitable cryopreser-
vation medium or compound. Examples of cryopreservation
mediums or compounds include but are not limited to:
glycerol, ethylene glycol, sucrose, or glucose.

Some embodiments further involve 1solating nucleic acids
such as ribonucleic or RNA from a biological sample or in
a sample of the patient. Other steps may or may not include
amplifying a nucleic acid in a sample and/or hybridizing one
or more probes to an amplified or non-amplified nucleic
acid. The methods may further comprise assaying nucleic
acids 1n a sample. Further embodiments include 1solating or
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analyzing protein expression in a biological sample for the
expression of TMCO3 polypeptides.

In certain embodiments, a microarray may be used to
measure or assay the level of TMCO3 expression 1n a
sample. The methods may further comprise recording the
TMCO3 expression or activity level 1n a tangible medium or
reporting the expression or activity level to the patient, a

health care payer, a physician, an insurance agent, or an
clectronic system.

In some embodiments, methods will involve determining,
or calculating a prognosis score based on data concerning
the expression or activity level of TMCO3, meaning that the
expression or activity level of TMCO?3 1s at least one of the
factors on which the score 1s based. A prognosis score will
provide information about the patient, such as the general
probability whether the patient 1s sensitive to a particular
therapy or has poor survival or high chances of recurrence.
In certain embodiments, a prognosis value 1s expressed as a
numerical integer or number that represents a probability of
0% likelihood to 100% likelihood that a patient has a chance
of poor survival or cancer recurrence or poor response to a
particular treatment.

In some embodiments, the prognosis score 1s expressed as
a number that represents a probability o1 0, 1, 2, 3, 4, 3, 6,
7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37/, 38, 39,
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 30, 51, 52, 53, 54, 35,
56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,
72,73,774,775,76, 77, 78,79, 80, 81, 82, 83, 84, 85, 86, 87,
88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100%
likelihood (or any range derivable therein) that a patient has
a chance of poor survival or cancer recurrence or poor
response to a particular treatment. Alternatively, the prob-

ability may be expressed generally in percentiles, quartiles,
or deciles.

A difference between or among weighted coeflicients or
expression or activity levels or between or among the
welghted comparisons may be, be at least or be at most about
0.1,0.2,03,04,0.5,06,0.7,08,09,1.1,1.2,1.3,1.4, 1.5,
1.6,1.7,1.8,1.9,2.0,2.5,3.0,3.5,4.0,4.5,5.0,5.5,6.0, 6.5,
7.0, 7.5, 8.0, 8.5,9.0,9.5,10.0, 10.5, 11.0, 11.5, 12.0, 12.5,
13.0,13.5,14.0, 14.5, 150 15.5, 160 16.5, 170 17.5, 18.0,
18.5, 19.0. 19.5,20.0, 1, 2,3,4,5,6,7,8,9,10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
46, 475 48, 49, 50, 51, 52, 53, 54, 33, 56, 57, 38, 59, 60, 61,
62, 63, 64, 635, 66, 67, 68, 69,70, 71,72,73,74,775,76, 77,
78, 79, 80, 81, 82, 83, 84, 83, 86, 87, 88, 89, 90, 91, 92, 93,
94, 935, 96, 97, 98, 99, 100, 105, 110, 115, 120, 125, 130,
135, 140, 145, 150, 155, 160, 165, 170, 175, 180, 185, 190,
195, 200, 205, 210, 213, 220, 225, 230, 235, 240, 245, 250,
255, 260, 265, 270, 273, 280, 285, 290, 295, 300, 305, 310,
315, 320, 325, 330, 333, 340, 345, 350, 355, 360, 365, 370,
3775, 380, 385, 390, 393, 400, 410, 420, 425, 430, 440, 441,
450, 460, 470, 475, 480, 490, 500, 510, 520, 525, 530, 540,
550, 560, 570, 575, 580, 590, 600, 610, 620, 625, 630, 640,
650, 660, 670, 675, 680, 690, 700, 710, 720, 725, 730, 740,
750, 760, 770, 775, 780, 790, 800, 810, 820, 825, 830, 840,
850, 860, 870, 875, 880, 890, 900, 910, 920, 925, 930, 940,
950, 960, 970, 975, 980, 990, 1000 times or -fold (or any
range derivable therein).

In some embodiments, determination of calculation of a
diagnostic, prognostic, or risk score 1s performed by apply-
ing classification algorithms based on the expression values

* 'yTe

ol biomarkers with differential expression p values of about,
between about, or at most about 0.005, 0.006, 0.007, 0.008,

0.009, 0.01, 0.011, 0.012, 0.013, 0.014, 0.015, 0.016, 0.017,
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0.018, 0.019, 0.020, 0.021, 0.022, 0.023, 0.024, 0.0235,
0.026, 0.027, 0.028, 0.029, 0.03, 0.031, 0.032, 0.033, 0.034,

0.035, 0.036, 0.037, 0.033, 0.039, 0.040, 0.041, 0.042,
0.043, 0.044, 0.045, 0.046, 0.047, 0.048, 0.049, 0.050,
0.051, 0.052, 0.053, 0.054, 0.055, 0.056, 0.057, 0.058,
0.059, 0.060, 0.061, 0.062, 0.063, 0.064, 0.065, 0.066,
0.067, 0.068, 0.069, 0.070, 0.071, 0.072, 0.073, 0.074,
0.075, 0.076, 0.077, 0.078, 0.079, 0.0380, 0.081, 0.032,
0.083, 0.084, 0.085, 0.086, 0.087, 0.088, 0.089, 0.090,
0.091, 0.092, 0.093, 0.094, 0.095, 0.096, 0.097, 0.098,

0.099, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 or higher (or
any range derivable therein). In certain embodiments, the
prognosis score 1s calculated using one or more statistically
significantly differentially expressed biomarkers (either
individually or as difference pairs), including expression or
activity levels 1n a gene or protein encoding TMCO3 (or
downstream target thereot).

Embodiments concern determining that the level of
expression or activity of TMCO3. In some embodiments,
that level 1s compared to a control 1 order to determine
whether the expression level or activity of TMCO3 1s
clevated as compared to the level 1n non-cancerous colorec-
tal tissue. The control may be a non-cancerous colorectal
tissue or 1t may be a cancerous colorectal tissue. If the
control 1s a cancerous colorectal tissue a sample may be
determined to have an elevated level of TMCO3 because the
levels 1n the control and the patient sample are similar, such
as within, at least or at most 1, 2, 3, or 4 standard deviations
(or any range derivable therein) of one another.

In some aspects, methods are provided for treatment of a
patient for early or advanced colorectal cancer based on the
TMCO3 level. One skilled 1n the art would understand that,
if the control represents a level indicative of that in an
advanced colorectal cancer patient, one would be treated or
diagnosed with advanced colorectal cancer because the
levels 1 the control and the patient sample are similar, such
as within, at least or at most 1, 2, 3, or 4 standard deviations
(or any range derivable therein) of one another. Furthermore,
if the control represents a level indicative of that 1n an early
colorectal cancer patient, one would be treated or diagnosed
with early colorectal cancer because the levels 1n the control
and the patient sample are similar, such as within, at least or
at most 1, 2, 3, or 4 standard deviations (or any range
derivable therein) of one another.

Also provided are kits containing the disclosed composi-
tions or compositions used to implement the disclosed
methods. In some embodiments, kits can be used to evaluate
one or more the expression of TMCO3 (or downstream
target thereot).

In certain embodiments, a kit contains probes or primers
that may specifically hybridize under stringent conditions to
TMCO3 (or downstream target thereof) mRNA or any
fragment thereof. In other embodiments, kits or methods
may involve 1, 2, or more probes or primers, which may be
capable of specifically detecting any other biomarkers for
expression. Also included may be enzymes suitable for
amplifying or assaying nucleic acids including various poly-
merases (RT, Tag, Sequenase™ etc.), deoxynucleotides and
buflers to provide the necessary reaction mixture for ampli-
fication.

The kits may also include antibody wvials for assaying
protein expressions and control samples. Such kits may also
comprise, 1 suitable means, distinct containers for each
individual reagent and enzyme as well as for each primer or
probe.

The kits may further comprise mstructions for using the

kit for assessing expression, means for converting the
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expression data into expression values and/or means or
medians for analyzing the expression values to generate
scores that predict response, diagnosis, survival, prognosis
or indicate recommendations for treatment choices. Possible
means for converting the expression data mnto expression
values and/or means or medians and for analyzing the
expression values and/or means or medians to generate
scores that predict response, diagnosis, survival or prognosis
or indicate recommendations for treatment choices may also
be mcluded.

The terms “ameliorating,” “inhibiting,” or “reducing,” or
any variation of these terms, when used 1n the claims and/or
the specification includes any measurable decrease or com-
plete inhibition to achieve a desired result.

Throughout this application, the term “effective amount”
1s used to indicate that any therapeutic agents are adminis-
tered at an amount suflicient to treat a condition 1n a subject
in need thereof. In some embodiments, the condition 1s, but
1s not limited to, cancer.

As used heremn, “increased expression” or “decreased
expression’” refers to an expression level of a biomarker 1n
the subject’s sample as compared to a reference level
representing the same biomarker or a different biomarker. In
certain aspects, the reference level may be a reference level
ol expression from a normal sample, such as a non-cancer-
ous tissue from the same subject, particularly normal
mucosa, or a sample from a different subject that does not
have the cancer to be treated. Alternatively, the reference
level may be a reference level of expression from a ditfierent
subject or group of subjects, such as a reference level of
expression from a subject or a group of subjects that have a
favorable prognosis of cancer, such as having at most 20, 30,
40, or 50, 60, 70, 80% recurrence risk (or any range
derivable therefrom) or at least 50, 60, 70, 80, or 90%
survival chance (or any range derivable therefrom) of cancer
relative to a group ol poor prognosis or favorable prognosis
subjects or a combination thereof. Alternatively, the refer-
ence level may be a reference level of expression from a
subject or a group of subjects that has a poor prognosis, such
as having a high recurrence risk of more than 50, 60, 70, 80,
or 90 (or any range derivable therefrom) or at most 20, 30,
40, or 50, 60, 70, 80% survival chance (or any range
derivable therefrom) relative to a group of poor prognosis or
favorable prognosis subjects or a combination thereof. The
combined group may be randomly selected or may be a
group of clinical trial subjects, subjects 1 a particular
geographic area, an age group, a gender group, or a stage of
colorectal cancer, or any group based on one or more
predetermined classification criteria, like inclusion or exclu-
sion of patients that have favorable or poor prognosis.

A person of ordinary skill in the art understands that an
expression level from a test subject may be determined to
have an elevated level of expression, a similar level of
expression or a decreased level of expression compared to a
reference level.

“Diagnosis” may refer to the process of attempting to
determine or 1dentily a possible disease or disorder, or to the
opinion reached by this process. From the point of view of
statistics the diagnostic procedure may involve classification
tests.

“Prognosis” may refer to a prediction ol how a patient will
progress, and whether there 1s a chance of recovery. “Cancer
prognosis” generally refers to a forecast or prediction of the
probable course or outcome of the cancer. As used herein,
cancer prognosis includes the forecast or prediction of any
one or more of the following: duration of survival of a
patient susceptible to or diagnosed with a cancer, duration of
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recurrence-Iree survival, duration of progression free sur-
vival of a patient susceptible to or diagnosed with a cancer,
response rate 1 a group of patients susceptible to or diag-
nosed with a cancer, duration of response in a patient or a
group ol patients susceptible to or diagnosed with a cancer,
and/or likelihood of metastasis 1n a patient susceptible to or
diagnosed with a cancer. Prognosis may also include pre-
diction of favorable responses to cancer treatments, such as
a conventional cancer therapy.

By “subject” or “patient” 1s meant any single subject for
which therapy 1s desired, including humans, cattle, dogs,
guinea pigs, rabbits, chickens, and so on. Also intended to be
included as a subject are any subjects involved 1n clinical
research trials not showing any clinical sign of disease, or
subjects 1nvolved 1n epidemiological studies, or subjects
used as controls.

As used herein, the term “colorectal cancer” includes the
well-accepted medical definition that defines colorectal can-
cer as a medical condition characterized by cancer of cells
of the itestinal tract below the small intestine (i.e., any
portion of the large intestine (colon), including the cecum,
ascending colon, transverse colon, descending colon, sig-
moid colon, or rectum). Additionally, as used herein, the
term “colorectal cancer” also further includes medical con-
ditions, which are characterized by cancer of cells of the
duodenum and small mtestine (jejunum and ileum).

As used herein the specification, “a” or “an” may mean
one or more. As used herein 1n the claim(s), when used 1n
conjunction with the word “comprising”, the words “a” or
“an” may mean one or more than one.

The use of the term “or” 1n the claims 1s used to mean
“and/or” unless explicitly indicated to refer to alternatives
only or the alternatives are mutually exclusive, although the
disclosure supports a definition that refers to only alterna-
tives and “and/or.” As used herein “another” may mean at
least a second or more.

Throughout this application, the term *““about™ 1s used to
indicate that a value includes the inherent variation of error
for the device, the method being employed to determine the
value, or the variation that exists among the study subjects.

Other objects, features and advantages of the present
invention will become apparent from the following detailed
description. It should be understood, however, that the
detailed description and the specific examples, while 1ndi-
cating preferred embodiments of the invention, are given by
way ol 1illustration only, since various changes and modifi-
cations within the spirit and scope of the invention will
become apparent to those skilled 1n the art from this detailed
description.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings form part of the present specifi-
cation and are included to further demonstrate certain
aspects of the present invention. The invention may be better
understood by reference to one or more of these drawings in
combination with the detailled description of specific
embodiments presented herein.

FIG. 1—s1RNA transfection of TMCO3. 50 nM of siRNA
transiection against TMCO3 was performed using silencer
select siIRNA system. TMCO3 1s eflectively knock-downed
(Approximately to 20%).

FIGS. 2A-B—MT'T and colony formation assay. 50 nM
of siIRNA transfection against TMCO3 was performed using
silencer select siRNA system. siRNA against TMCO3

decreased proliferation ability and colony-formation ability.
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FIGS. 3A-B—Invasion and migration assay. 50 nM of
siIRNA transfection against TMCO3 was performed using

silencer select siRNA system. In SW480, CACO2 and
HCT116 cells, knockdown of TMCO?3 reduced invasion and
migration ability sigmificantly.

FIGS. 4A-C—Apoptosis assay. Annexin V & Dead Cell
assay.
FIGS. 5A-B—TMCO3 expression in CRC (mRNA). In

CRC specimens, TMCO3 expression increased 1n a stepwise
manner 1n stage I-IV tumors, and CRCs with upregulated
expression of TMCO3 demonstrated significantly poor over-
all and disease-free survival compared to the down-regu-
lated group.

FIG. 6—Establishment of viral vectors for delivery of
siIRNA against TMCO3 (s1TMCQO3).

FIGS. 7A-B—Enhancer activity and structure of
TMCO3. TMCO3 has a Na™-H™ antiporter domain including
10 transmembrane domains [SEQ ID NO. 2].

FIGS. 8A-H—TMCO3 expression and clinicopathologi-
cal features: (a) Patients in TCGA were categorised into 2
subgroups; TMCO3 high or low group. Cut-ofl value of
TMCO3 high expression was determined as the level which
can c¢liminate most of normal using 15 matched normal-
cancer pairs. 75% of patients was categorised mto TMCO3
high group and 235% was categorized into TMCO3 low
group. (b) TMCQO3 was upregulated in CRC 1n stage depen-
dent manner 1n TCGA. (¢) The TMCO3 expression level
was significantly higher in Stage III or IV CRC lesions
relative to Stage I or II CRC lesions (P=0.03) in TCGA. (d)
The TMCO3 expression level was also higher 1n lymph node
metastasis-positive CRC lesions than i negative CRC
lesions (P=0.01) in TCGA. (¢) The high-TMCQO3 group had
worse DFS than the low-TMCO3 group (P=0.02) in TCGA.
(1) High TMCO3 group showed worse DFS (P<t0.01) 1n
cohort 2.

FIGS. 9A-G—in vitro analyses of TMCO3: (a) TMCO3
expression was confirmed i SW480 (Microsatellite stable
CRC, KRAS G12V mutant) and HCT116 (Microsatellite
instable CRC, KRAS G13V mutant). (b) siRNA knockdown
elliciency was confirmed using gRT-PCR and Western blot-
ting. Both CRC cell lines showed significant suppression of
TMCO3 protein expression following TMCO3 knockdown.
(c) c-Myc, Cyclin D1 and Cyclin E were all downregulated
in siTMCQO3 cells in SW480 and HCT116 cell lines. (d)
SW480 and HCT116 cells transtected with siTMCO3 exhib-
ited remarkably suppressed proliferation, compared with
siControl-transfected cells in MTT assay. (¢) SW480 and
HCT116 cells transfected with siTMCO3 produced a sig-
nificantly lower number of colonies, compared with s1Con-
trol-transtected cells. (1) siTMCO3 transfection resulted in
significantly decreased invasiveness relative to siControl-
transiected cells 1n both the SW480 and HCT116 CRC cell
lines. (g) s1ITMCO3 transiection resulted 1n significantly
decreased migration relative to siControl-transfected cells 1n
both the SW480 and HCT116 CRC cell lines.

FIGS. 10A-D—Analyses of intracellular pH and apop-
totic status: (a) Intracellular pH level was analysed in
s1TMCO3 CRC cells using intracellular pH Indicator fol-
lowed by flow cytometry. (b) Intra-cellular pH significantly
decreased 1in siTMCO3 transfected cells. (¢) The rate of
apoptotic cells appeared to be raised i siTMCO3 cells 1n
both SW480 and HCTI116 cell lines. (d) Activation of
caspase-3 1n siTMCO3 cells supported induction of apop-
tosis 1 siTMCQO3 CRC cells.

FIGS. 11A-C: Xenograit model (a) Xenograft tumours
were made using HCT116 cells transfected with either
siTMCO3 or siControl injected 3x10° cells subcutaneously
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to the flanks nude mice. 10 days following the initial
injection, the tumour volume and weight were significantly

lower 1n recipients of siTMCO3-transiected cells, compared
with recipients of siControl-transiected cells. (b,c) TMCO?3
expression level was sigmificantly lower 1n s1iTMCO3

tumours than in scramble control transtected tumours.
FIGS. 12A-G—TMCO3 overexpression in acidic envi-

ronment: (a) SW480 and HCT116 cells were kept 1n acidic
medium for 3 days and compared with cells cultured in
normal pH medium. (b) pH 1n acidic medium was kept
significantly lower than that of normal medium during this
experiment. (¢) TMCO3 mRNA expression 1s up regulated
in acidic culture 1n both SW480 and HCT116 cells. TMCO3
protein expression 1s also up regulated 1n acidic culture in
both SW480 and HCT116 cells. (d) The key modulators of
ER stress including sXBP1, ATF3, ATF4 and CHOP
mRNAs were up-regulated. (e¢) IREla, Bip and CHOP
protein were upregulated 1in the western blotting, suggesting,
that acidic environment induce ER stress in cancer cells. (1)
CHOP 1s a key transcription factor in ER stress and TMCO3
has multiple CHOP binding sites in 1ts promoter-enhancer
sequence. (g) CHIP assay showed binding of CHOP to
promoter-enhancer sequence in TMCO?3.

FIGS. 13A-B—Relation between enhancer and target
promoter: (a) The expression levels of TMCO3 and TFDPI1
have a positive correlation in TCGA database (P<0.0001).
(b) The expression of oncogenic transcription factor, TFDP1
1s also upregulated in the acidic environment, in which

TMCO?3 1s upregulated.

FIGS. 14A-B: TMCO3 expression in CRC: (a) TMCO3
was upregulated in colorectal neoplastic lesions compared
with normal mucosa 1 Skrzypczak Colorectal 2 Dataset
(normal vs adenoma: P=5.13E-6, normal vs colon carci-
noma epithelia: P=1.48E-6, normal vs colon carcinoma:
P=1.33E-3). (b) TMCO3 was upregulated in colorectal
neoplastic lesions compared with normal mucosa 1n Kaiser
Colon Dataset (normal vs cecum carcinoma: P=0.005, nor-
mal vs colon carcinoma: P=0.007, normal vs rectosigmoid
carcinoma: P=0.019).

FIG. 15A-C: (a) TMCO3 expression in cohort 2 (b)
TMCO3 was upregulated in CRC 1n stage dependent man-
ner. (¢) The high TMCO3 group had a significantly greater
distant metastasis positive rate than the low-TMCO3 group
(P=0.04).

FIG. 16 A-G: TFDP1 mRNA expression mn TCGA and
Protein Atlas database: (a) TFDP1 was upregulated in CRC
compared with normal mucosa. (b) TFDP1 was upregulated
in CRC 1n stage dependent manner. (¢) The TFDP1 expres-
sion level was significantly higher 1n Stage III or IV CRC
lesions relative to Stage I or II CRC lesions (P=0.01) 1n
TCGA. (d) The TFDPI1 expression level was also higher 1n
lymph node metastasis-positive CRC lesions than 1n nega-
tive CRC lesions (P=0.01) in TCGA. (e¢) The TFDP1 expres-
s1on level was also higher 1n distant metastasis-positive CRC
lesions than 1n negative CRC lesions (P=0.04) in TCGA. (1)
High TMCO3 group showed worse DFS (P=0.04) in TCGA.
(g) The TFDP1 protein expression was significantly higher

in CRCs compared with normal area in Protein Atlas data-
base (P=0.04).

DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

Enhancer 1s a key element of the modulation of gene
expression, which can activate specific promoter and control
target gene expression. Recently activation of oncogenic
enhancer 1s thought to be a key event 1n tumorigenesis. On
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the other hand, as per Warburg eflect, the pH 1n the cancer-
ous lesions 1s significantly lower than that of corresponding
normal area. Cancer cells up-regulate acid transportation
proteins to maintain intra-cellular pH homeostasis. How-
ever, relation between cancer specific enhancer and pH
regulator remains unclear.

The inventors analysed cancer specific enhancer activa-
tion using FANTOMS public enhancer database. The rela-
tion between enhancer and target promoter was analysed

using the database of Chromatin Interaction Analysis with
Paired-End-Tag sequencing (ChlIA-PET). Additionally, the
expression level of candidate gene was analysed using two
clinical cohorts. The role of candidate gene was analysed 1n
vitro and 1 vivo experiments using siRNA knockdown.

The inventors 1dentified Transmembrane and coiled-coil
domain-containing protein 3 (IMCQO3) as the cancer spe-
cific enhancer from FANTOMS database. Interestingly,
TMCO3 had Na+/H+ antiporter domain. TMCO3 upregu-
lation 1n CRC showed worse clinicopathological features.
Furthermore, siRNA of TMCO3 showed intracellular acidi-
fication followed by reduced cell proliferation, nvasion,
migration. Intracellular acidification simultaneously mnduced
apoptosis. On the other hand, acidic culture of cancer cells
up-regulated TMCO3. The target of enhancer in TMCO?3
was the promoter of oncogenic transcription factor TFDPI.
The expression level of TFDP1 was significantly positively
correlated with that of TMCO3. We conclude that TMCO?3
has oncogenic enhancer activity and simultaneously act as
key modulator of pH.

Enhancer can play a key role in tumorigenesis, which
activate specific promoter and control target gene expres-
sion. However, comprehensive analysis of cancer specific
enhancer activation 1s technically difficult. On the other
hand, 1n cancer cells, glycolytic metabolism 1s superior to
oxidative phosphorylation even i aerobic condition. This
phenomenon was at first described by Warburg and 1s known
as Warburg eflect. However, pH control mechanism 1n
cancer remains unclear.

The inventors at first recognised TMCO?3 as the host gene
of cancer specific enhancer. Enhancer in TMCQO3 can acti-
vate promoter of oncogenic transcription factor TFDP1. The
expression levels of TMCO3 and TFDP1 1s significantly
positively correlated, suggesting that this TMCO3-TFDPI1
complex can act as cancer specific enhancer-promoter coms-
bination. TMCQO3 can also act as cation/H+ ant1 transporter
and maintain pH homeostasis in cancellous lesion. This
means that TMCO3 can act as cancer specific enhancer and
pH regulator and play an important role in tumorigenesis in
CRC.

The experimental evidences described in the examples
identifies TMCO3 as a critical modulator of carcinogenesis.
TMCO3 may be a target of molecular targeting therapy
because TMCO3 1s a membrane protein and the block of
TMCO3 can 1induce anti-tumour eflect. Additionally
TMCO?3 has a potential as prognostic marker.

[. TMCO3 GEN.

L1

The mRNA sequence of TMCO3 1is:
[SEQ ID NO. 1]

ttaaaggggg cagtgactge ggctgggcegg gagtcegggt
cggcettgget gagcecgggggce ggtgcetgggce agggcggcgyg

ccgcteccte ccggactcecee ggcoctcecececgg cctecctggt



ccecgectgygg
gctcecgagygc
tcctggegece
atgctcgggce
gctgaaaatyg
agacccgtygg
catgaaggtg
ccocgtectte
aggtggcgca
ggtggctgcc
tgcaggaagc
ttctgaacaa
agacgtgggce
cacacgtttg

aaaattccgt

cctgcagggg

agcagccggc

taaaggaaga

aaaacatcaa

aaccaaagtt

taagaaaggc

acatgctttt

tttgaggcag

ctaagcaaaa

gggtcttagce

attttgacca

atcaccactt

gtccttgcect

cctacaatgt

gaccttcagg

ggagacatta

cttgttgget

tgtggaagat

gttaatgatt

cggatcaaac

tgtccttgte

gggcagtgct

agcaccgtgc

agctcgggcet

ggcdggygcegcec
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-continued

aagggatgca

Jgddadgacadgc

tcagagcccyg

cggacgyggcey

tgtgtctgac

attgctgtgce

ttgggaagaa

cctgggcggt

gcgtgtgatc

atgcagagcc

tctcagggcet

actgaaaact

ctgtcecggatyg

aaattttcca

tttccaagct

gattacaaag

agcgcctgga

aacagaatat

gttgaagccc

tatccatgct

agcggatcgt

gacgacaata

ttctgagggt

tataacaaaa

atgctgattyg

agcccagaga

tataaaggac

tgtggctggce

ttggttatat

actaaatagt

ggagaatttyg

tagaattttc

Ctccttacaa

gcatttggct

ccacgcagag

dayCcacaccc

cggggtgaca

tcctecggcecat

cttcatggcc

agtgcatctt

aggaagccct

gtccecectece

gcccaggcocyg

ggcgcggatc

atgcaagctc

CCthCCtCC

gcttettetg

gcaggctgtg

aaactgcacc

ggcagtgggt

tcteccgecag

gcaattggayg

aagagaaact

gaaagagctyg

gtctacggac

atgtcgtgaa

ggccctgaga

atggaacttc

ttaaaaatat

tgacgagatt

ctggaggaag

aatcagtcaa

gadgaadaa

cgagaagtgg

actcccagaa

Ctcaaccatc

attgttacca

tatgtacagc

tatttgtggt

attaagtcta

gggtgttttt

tccagaaaag

gggccgtgtt

tgctgtgggyg

cgtcttcatt

ctegtgteca

aagaaggcga

gctggtgacg

gtcatgccga

ctagcattgt

US 10,570,398 B2

ccggegcetge

gcecectegygy

cggaacggtg

cctgegtcecc

agtggggcag

ggacctggat

ggtgetgttt

gagcacygagy

geggygceygagy

ccgggacagc

aagaatgcag

cagtggagaa

gtttcaggtyg

aatgaaagtyg

tgcagagagc

catgaaggag

gaggctgcaa

tggcagcaga

gcaacatcaa

cttgaagatyg

agatagagga

gggggtcaat

gaggccaatt

aggatgactt

caaccagtat

ccacgtgcag

taggaatgct

cataggattyg

gtacttctgg

ttgtgcaagt

Cactcttttt

ctaagaaagyg

acatgacacet

gcatctcttyg

tccacgtgtc

ggttcctcat

cattgactac

caggacgtgc

ctctcataca

cgtggaagtt
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ctccgaatcc

tagcggceggt
tctcattgga
aaggggaaca
ttatcttctt
ctccatggag
tcctectcecagg
ccatcgaacce
cgcctcecata
tacgagctca
tggtgatgaa
cattctgccg
tctgeggggc
tggggagccyg
ggtgtacctc
ttgctcgccce
gtgtgcccag
cggagatgat
tgagcgctta
tcgcaccttyg
gtgcagtcgt
cctattttag
ttgattatgt
atcaccttga
ttccctgaaa
agttcatagt
CCLttaaaaat
aaatatttgt
atcctggcceg
agcctatgtt
ttgcctttta
caatttctat
aatcacaaga

atcatggtat
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-continued

tggttttgat

CCCCCCEtLtta

ccectattatce

aagaaatcct

aatgttaacyg

ctgggcetgtt

gcceccegtggt

catccgegac

gggctccacy

ngtgﬂtggt

gtttctectg

aggagcagcc

ttgcccaggt

ggcdcdgaada

cttatactga

cggtgctgtg

accggagaga

ggaccgtgga

gatggccagc

gcaacagaac

gttatcccgyg

aattttccgyg

gcagtagacc

atgtggtgcc

Ctattattaa

CCttttagta

gtacaacttc

tattaaacat

tgagcttgga

ttctaaaatyg

ttgtaacttt

tagatatatc

atatgtattc

aattaattga

tggtcagatt

tgtcttgtta

ggaagctgca

gatcttggga

gtcacggagc

tcetggetygy

caccgaggag

ttcectggceca

tgttccecac

gttcctcacc

gcggcegetgyg

agtacatcaa

cagcgagttt

gcgggcgtca

gtgtgaccac

gagagctgca

cggtccagcec

agggaagcgt

agctgctcect

agccctcetag

cttttacaga

agtagtttat

cgggacactyg

tggatgtgcc

CCttctattg

aagaagcaaa

agaattataa

ttctgtaata

agcttacttt

agacaaatac

taaatgaaat

acttaaaata

tttaataaag

aatttattaa

tattaaaaaa aaaaaaaaaa aa.

CLLtLtLttcac

taaagaagta

catggaaagc

atatctgcct

tgctggacgt

agcgctegte

atcgccacct

CCgtLtttctt

gtttgtggceyg

ttgtcagtygyg

tcctgtetet

gtggatcgtc

tcctttgtec

tctctecggga

gctcagcectc

atcacgaggt

tctgatggcet

ctgtggggag

tctgggaagce

cagagcgtca

atattcttgt

ttgcagtctg

cgttttaccyg

CCCCCCCLLL

tgagttcatc

attaaaaggc

tctgttagte

tgaagttgta

tgattcttaa

ggatgtctat

aatttcatgt

tttggtttta

ataatttatg

aatctgtttt

The protein sequence of TMCO3 1s mkvlgrsiiw vlipvlp-

wav gaveheevaq rviklhrgrg vaamgsrqwv rdscrklsgl lrgk-
navink lktaigavek dvglsdeekl 1Iqgvhtieilq kelnesensv
fgavyglgra lggdykdvvn mkessrgrle alreaaikee teymellaae
khgvealknm ghgngslsml deiledvrka adrleeeiee hatddnksvk
gvnieavlry eeeceanskqn itkreveddl glsmlidsgqn ngyiltkprd
stipradhht ikdivtigml slpcgwlcta 1glptmigyl icgvllgpsg
Insiksivqv etlgetgvil tlflvglets peklrkvwka slggpcymtl Imi-
algllwg hllrikptgs viistclsls stplvsrilm gsargdkegd 1dystv-
llgm lvtqdvqlgl Imavmptliq agasasssiv vevlrilvlr ggilislaav
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fllclvikky ligpyyrklh meskgnkeil i1lgisafifl mltvtelldv smel-
gctlag alvssqgpvv teeiatsiep irdflaivil asiglhvipt tvayeltvlv
fitlsvvvmk fllaalvlsl 1lprssqyik wivsaglagqv sefstvlgsr

arragvisre vyllilsvtt Islllapvlw raaitrcvpr perrssl [SEQ ID
NO. 2].

II. METHODS AND COMPOSITIONS

Certain embodiments are directed to the use of technology
involving transmembrane and coiled-coll domains 3
(TMCO3) 1n cancer management and/or treatment. Embodi-
ments are based, in part, on the discovery that knockdown of
TMCO3 reduces cell proliferation and induces apoptosis 1n
colorectal cancer cells. In further embodiments, cancer
management and treatment methods and compositions
involving the expression of TMCO3 are also provided,
based, 1mn part, on the discovery that the TMCO3 up-
regulated CRC clinical samples shows significantly lower
overall survival and disease-ifree survival than those of
TMCO3 down-regulated CRC clinical samples.

Methods and compositions 1in certain embodiments may
be described 1n detail below, such as TMCQO?3 1nhibitors that
may be used, samples, nucleic acids and protein expression
assays, and cancer management and treatment methods.

1. TMCO3 INHIBITORS

A 'TMCO3 mhibitor may refer to any member of the class
of compound or agents having an IC350 of 100 uM or lower
concentration for a TMCO3 activity, for example, at least or
at most or about 200, 100, 80, 50, 40, 20, 10, 5, 1 uM, 100,
10, 1 nM or lower concentration (or any range or value
derivable therefrom) or any compound or agent that inhibits
the expression of TMCO3. Examples of TMCO3 activity or
function may include, but not be limited to, the regulation of
Na+/H+ levels 1n cells, intracellular pH, secretion of ions
into medium apoptosis, cell proliferation, cell cycle, cell
death, or cell viability. In particular embodiments, the regu-
lation can be an increase or decrease as compared with a
control level or sample. In further embodiments, functional
assay such as intra cellular pH calculation, acid loading test
to culture media, crystal analysis of TMCO3, electron
microscope may be used. In additional embodiments, MTT
assay, colony formation assay, imvasion assay, apoptosis
assay, or cell cycle analysis may be used to test the TMCO?3
inhibitors.

A. TMCO3 Inhibitory Nucleic Acids

Inhibitory nucleic acids or any ways of inhlibiting gene
expression of TMCO3 known 1n the art are contemplated 1n
certain embodiments. Examples of an inhibitory nucleic acid
include but are not limited to siRNA (small interfering
RINA), short hairpin RNA (shRNA), double-stranded RNA,
an antisense oligonucleotide, a ribozyme and a nucleic acid
encoding thereof. An mhibitory nucleic acid may inhibit the
transcription of a gene or prevent the translation of a gene
transcript 1n a cell. An ihibitory nucleic acid may be from
16 to 1000 nucleotides long, and in certain embodiments
from 18 to 100 nucleotides long. The nucleic acid may have
nucleotides of at least or at most 2, 3,4, 5,6, 7,8, 9,10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 40, 50, 60, 70, 80,
90 or any range derivable therefrom.

As used herein, “1solated” means altered or removed from
the natural state through human intervention. For example,
an siRNA naturally present 1n a living amimal 1s not “1so-
lated,” but a synthetic siRNA, or an siRNA partially or
completely separated from the coexisting materials of 1ts
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natural state 1s “isolated.” An 1solated siRNA can exist in
substantially purified form, or can exist in a non-native
environment such as, for example, a cell into which the
s1IRNA has been delivered.

Inhibitory nucleic acids are well known in the art. For
example, siIRNA and double-stranded RNA have been
described in U.S. Pat. Nos. 6,506,559 and 6,573,099, as well
as 1 U.S. Patent Publications 2003/0051263, 2003/
0055020, 2004/0265839, 2002/0168707, 2003/0159161,
and 2004/0064842, all of which are herein incorporated by
reference in their entirety.

Particularly, an inhibitory nucleic acid may be capable of
decreasing the expression of TMCO3 by at least 10%, 20%,
30%, or 40%, more particularly by at least 50%, 60%, or
70%, and most particularly by at least 75%, 80%, 90%, 95%
Or more or any range or value 1n between the foregoing.

In further embodiments, there are synthetic nucleic acids
that are TMCO3 1nhibitors. An inhibitor may be between 17
to 25 nucleotides 1 length and comprises a 5' to 3' sequence
that 1s at least 90% complementary to the 3' to 3' sequence
of a mature TMCO3 mRNA. In certain embodiments, an
inhibitor molecule 1s 17, 18, 19, 20, 21, 22, 23, 24, or 25
nucleotides 1n length, or any range derivable therein. More-
over, an inhibitor molecule has a sequence (from 5' to 3') that
1s or 1s at least 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.1,
99.2, 99.3, 994, 99.5, 99.6, 99.7, 99.8, 99.9 or 100%
complementary, or any range derivable therein, to the 5' to
3' sequence of a mature TMCO3 mRNA, particularly a
mature, naturally occurring mRNA. One of skill 1n the art
could use a portion of the probe sequence that 1s comple-
mentary to the sequence of a mature mRNA as the sequence
for an mRINA inhibitor. Moreover, that portion of the probe
sequence can be altered so that it 1s still 90% complementary
to the sequence ol a mature mRINA.

B. TMCO3 Inhibitory Antibodies

In certain embodiments, an antibody or a fragment thereof
that binds to at least a portion of TMCO3 protein and
inhibits TMCO3 activity in Na+-H+ transportation; its asso-
cliated use 1n treatment of diseases 1s contemplated 1n
embodiments.

In some embodiments, the anti-TMCO3 anftibody 1s a
monoclonal antibody or a polyclonal antibody. In some
embodiments, the antibody 1s a chimeric antibody, an aflin-
ity matured antibody, a humanized antibody, or a human
antibody. In some embodiments, the antibody 1s an antibody
fragment. In some embodiments, the antibody 1s a Fab, Fab',
Fab'-SH, F(ab")2, or scFv. In one embodiment, the antibody
1s a chimeric antibody, for example, an antibody comprising
antigen binding sequences from a non-human donor grafted
to a heterologous non-human, human or humanized
sequence (e.g., Iramework and/or constant domain
sequences). In one embodiment, the non-human donor 1s a
mouse. In one embodiment, an antigen binding sequence 1s
synthetic, e.g., obtained by mutagenesis (e.g., phage display
screening, etc.). In one embodiment, a chimeric antibody has
murine V regions and human C region. In one embodiment,
the murine light chain V region 1s fused to a human kappa
light chain or a human IgG1 C region.

Examples of antibody fragments include, without limaita-
tion: (1) the Fab fragment, consisting of VL, VH, CL and
CHI1 domains; (11) the “Fd” fragment consisting of the VH
and CH1 domains; (111) the “Fv”” fragment consisting of the
VL and VH domains of a single antibody; (1v) the “dAb”
fragment, which consists of a VH domain; (v) 1solated CDR
regions; (vi) F(ab')2 fragments, a bivalent fragment com-
prising two linked Fab fragments; (vi1) single chain Fv
molecules (“scFv™’), wherein a VH domain and a VL domain
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are linked by a peptide linker which allows the two domains
to associate to form a binding domain; (viil) bi-specific
single chain Fv dimers (see U.S. Pat. No. 5,091,513) and (1x)
diabodies, multivalent or multispecific fragments con-
structed by gene fusion (U.S. Patent Pub. 2005/0214860).

Fv, scFv or diabody molecules may be stabilized by the
incorporation of disulphide bridges linking the VH and VL
domains. Mimbodies comprising a scFv joined to a CH3
domain may also be made (Hu et al, 1996).

A monoclonal antibody 1s a single species of antibody
wherein every antibody molecule recognizes the same
epitope because all antibody producing cells are derived
from a single B-lymphocyte cell line. Hybridoma technol-
ogy 1nvolves the fusion of a single B lymphocyte from a
mouse previously immunized with a TMCO3 antigen with
an immortal myeloma cell (usually mouse myeloma). This
technology provides a method to propagate a single anti-
body-producing cell for an indefinite number of generations,
such that unlimited quantities of structurally identical anti-
bodies having the same antigen or epitope specificity (mono-
clonal antibodies) may be produced. However, in therapeu-
tic applications a goal of hybridoma technology 1s to reduce
the immune reaction 1n humans that may result from admin-
istration of monoclonal antibodies generated by the non-
human (e.g. mouse) hybridoma cell line.

Methods have been developed to replace light and heavy
chain constant domains of the monoclonal antibody with
analogous domains of human origin, leaving the variable
regions ol the foreign antibody intact. Alternatively, “fully
human™ monoclonal antibodies are produced in mice trans-
genic for human immunoglobulin genes. Methods have also
been developed to convert variable domains of monoclonal
antibodies to more human form by recombinantly construct-
ing antibody variable domains having both rodent and
human amino acid sequences. In “humanized” monoclonal
antibodies, only the hypervaniable CDR 1s derived from
mouse monoclonal antibodies, and the framework regions
are dertved from human amino acid sequences. It 1s thought
that replacing amino acid sequences 1n the antibody that are
characteristic of rodents with amino acid sequences found 1n
the corresponding position of human antibodies will reduce
the likelihood of adverse immune reaction during therapeu-
tic use. A hybridoma or other cell producing an antibody
may also be subject to genetic mutation or other changes,
which may or may not alter the binding specificity of
antibodies produced by the hybridoma.

It 1s possible to create engineered antibodies, using mono-
clonal and other antibodies and recombinant DNA technol-
ogy to produce other antibodies or chimeric molecules
which retain the antigen or epitope specificity of the original
antibody, 1.e., the molecule has a binding domain. Such
techniques may involve introducing DNA encoding the
immunoglobulin variable region or the CDRs of an antibody
to the genetic material for the framework regions, constant
regions, or constant regions plus framework regions, of a
different antibody. See, for instance, U.S. Pat. Nos. 5,091,
513, and 6,881,557, which are incorporated herein by this
reference.

By known means as described herein, polyclonal or
monoclonal antibodies, binding fragments and binding
domains and CDRs (including engineered forms of any of
the foregoing), may be created that are specific to TMCO3
protein, one or more of 1ts respective epitopes, or conjugates
of any of the foregoing, whether such antigens or epitopes
are 1solated from natural sources or are synthetic derivatives
or variants of the natural compounds.
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Antibodies may be produced from any animal source,
including birds and mammals. Particularly, the antibodies
may be ovine, murine (e.g., mouse and rat), rabbit, goat,
guinea pig, camel, horse, or chicken. In addition, newer
technology permits the development of and screening for
human antibodies from human combinatorial antibody
libraries. For example, bacteriophage antibody expression
technology allows specific antibodies to be produced in the
absence of animal immunization, as described 1n U.S. Pat.
No. 6,946,546, which 1s incorporated herein by this refer-

ence. These techniques are further described in: Marks
(1992); Stemmer (1994); Gram et al. (1992); Barbas et al.

(1994); and Schier et al. (1996).

Methods for producing polyclonal antibodies 1n various
amimal species, as well as for producing monoclonal anti-
bodies of various types, including humanized, chimeric, and
fully human, are well known 1n the art. Methods for pro-
ducing these antibodies are also well known. For example,
the following U.S. patents and patent publications provide
enabling descriptions of such methods and are herein incor-
porated by reference: U.S. Patent publication Nos. 2004/

0126828 and 2002/0172677; and U.S. Pat. Nos. 3,817.837;
3,850,752; 3,939,350; 3,996,345; 4,196,265; 4,275,149;
4,277.437; 4,366,241; 4,469,797, 4,472.,509: 4,606,855;
4,703,003:; 4,742,159; 4,767,720; 4,816,567; 4,867,973;
4,938,948: 4.946,778; 5,021,236; 5,164,296; 5,196,066;
5,223,409; 5,403,484; 5,420,253; 5.565,332; 5,571,698;
5,627,052; 5,656,434, 5,770,376; 5,789,208; 5,821,337;
5,.844,091; 5,858,657, 5,861,155; 5,871,907; 5,969,108;
6,054,297, 6,165,464; 6,365,157; 6,406,867; 6,709,659;
6,709,873; 6,753,407, 6,814,965; 6,849,259; 6,861,572
6,875,434; and 6,891,024. All patents, patent publications,

and other publications cited herein and therein are hereby
incorporated by reference in the present application.

It 1s fully expected that antibodies to TMCO3 will have
the ability to neutralize or counteract the eflects of the
TMCO?3 regardless of the animal species, monoclonal cell
line or other source of the antibody. Certain animal species
may be less preferable for generating therapeutic antibodies
because they may be more likely to cause allergic response
due to activation of the complement system through the “Fc”
portion of the antibody. However, whole antibodies may be
enzymatically digested mto “Fc¢” (complement binding)
fragment, and into binding fragments having the binding
domain or CDR. Removal of the Fc portion reduces the
likelihood that the antigen binding fragment will elicit an
undesirable immunological response and, thus, antibodies
without Fc¢ may be particularly useful for prophylactic or
therapeutic treatments. As described above, antibodies may
also be constructed so as to be chimeric, partially or fully
human, so as to reduce or eliminate the adverse immuno-
logical consequences resulting from administering to an
amimal an antibody that has been produced in, or has
sequences irom, other species.

C. TMCQO3 Inhibitory Small Molecules

As used herein, a “small molecule” refers to an organic
compound that 1s either synthesized via conventional
organic chemistry methods (e.g., 1n a laboratory) or found 1n
nature. Typically, a small molecule 1s characterized 1n that 1t
contains several carbon-carbon bonds, and has a molecular
weight of less than about 1300 grams/mole. In certain
embodiments, small molecules are less than about 1000
grams/mole. In certain embodiments, small molecules are
less than about 530 grams/mole. In certain embodiments,
small molecules are between about 200 and about 530
grams/mole. In certain embodiments, small molecules
exclude peptides (e.g., compounds comprising 2 or more



US 10,570,398 B2

23

amino acids joined by a peptidyl bond). In certain embodi-
ments, small molecules exclude nucleic acids.

For example, a small molecule TMCO3 inhibitory may be
any small molecules that 1s determined to inhibit TMCO3
function or activity. Such small molecules may be deter-
mined based on functional assays in vitro or i vivo. The
candidate molecules for such testing may include amiloride,
EIPA, HMA, DMA, HOE-694, cariporide, eniporide,
zoniporide, SM20550, BMC-284640, T-162359 (8),
1-162559 (R), TY-123533, SL-591227, S03226, Harmaline,
Cimetidine, Clomidine, or any combinations or derivatives
therefrom.

IV. PHARMACEUTICAL COMPOSITIONS

Methods and compositions may be provided for the
treatment of cancer, particularly colorectal cancer. In certain
embodiments, there may be provided methods and compo-
sitions 1nvolving pharmaceutical compositions that com-
prise one or more therapeutic agents as described herein.

The therapeutic agents useful 1n the methods may be in
the form of free acids, free bases, or pharmaceutically
acceptable addition salts thereof. Such salts can be readily
prepared by treating the agents with an appropriate acid.
Such acids include, by way of example and not limitation,
inorganic acids such as hydrohalic acids (hydrochloric,
hydrobromic, hydrofluoric, etc.), sulfuric acid, nitric acid,
and phosphoric acid, and organic acids such as acetic acid,
propanoic acid, 2-hydroxyacetic acid, 2-hydroxypropanoic
acid, 2-oxopropanoic acid, propandioic acid, and butandioic
acid. Conversely, the salt can be converted 1nto the free base
form by treatment with alkali.

Aqueous compositions 1n some aspects comprise an eflec-
tive amount of the therapeutic agent, further dispersed in
pharmaceutically acceptable carrier or aqueous medium.
The phrase “pharmaceutically or pharmacologically accept-
able” refer to compositions that do not produce an adverse,
allergic or other untoward reaction when administered to an
amimal, or a human, as appropriate. As used herein, “phar-
maceutically acceptable carrier” includes any and all sol-
vents, dispersion media, coatings, antibacterial and antifun-
gal agents, 1sotonic and absorption delaying agents and the
like. The use of such media and agents for pharmaceutical
active substances 1s well known 1n the art. Except insofar as
any conventional media or agent 1s mncompatible with the
active ingredient, 1ts use in the pharmaceutical compositions
1s contemplated. Supplementary active ingredients also can
be mcorporated into the compositions.

Solutions of pharmaceutical compositions can be pre-
pared 1n water suitably mixed with a surfactant, such as
hydroxypropylcellulose. Dispersions also can be prepared in
glycerol, liguid polyethylene glycols, mixtures thereof, and
in o1ls. Under ordinary conditions of storage and use, these
preparations contain a preservative to prevent the growth of
microorganisms.

The pharmaceutical compositions may be administered in
the form of 1njectable compositions either as liquid solutions
or suspensions; solid forms suitable for solution in, or
suspension in, liquid prior to 1mnjection may also be prepared.
These preparations also may be emulsified. For instance, the
composition may contain at least about, at most about, or
about 1, 5, 10, 25, 50 mg or up to about 100 mg of human
serum albumin per malliliter of phosphate builered saline.
Other pharmaceutically acceptable carriers include aqueous
solutions, non-aqueous solvents, non-toxic excipients,
including salts, preservatives, bullers and the like.
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Examples of non-aqueous solvents include propylene
glycol, polyethylene glycol, vegetable o1l and injectable
organic esters such as ethyloleate. Aqueous carriers include
water, alcoholic/aqueous solutions, saline solutions, paren-
teral vehicles such as sodium chloride, Ringer’s dextrose,
ctc. Intravenous vehicles include fluid and nutrient replen-
ishers. Preservatives include antimicrobial agents, anti-oxi-
dants, chelating agents and inert gases. The pH and exact
concentration of the various components the pharmaceutical
composition are adjusted according to well-known param-
eters.

Administration of pharmaceutical compositions may be
via any common route so long as the target tissue, cell or
intracellular department 1s available via that route. This
includes oral, nasal, buccal, rectal, vaginal or topical. Alter-
natively, administration may be by orthotopic, intradermal
subcutaneous, intramuscular, intraperitoneal or intravenous
injection. Such compositions would normally be adminis-
tered as pharmaceutically acceptable compositions that
include physiologically acceptable carriers, buflers or other
excipients. Volume of an aerosol may be between about 0.01
mlL and 0.5 mL.

Additional formulations may be suitable for oral admin-
istration. “Oral administration™ as used herein refers to any
form of delivery of a therapeutic agent or composition
thereol to a subject wherein the agent or composition 1s
placed 1n the mouth of the subject, whether or not the agent
or composition 1s swallowed. Thus, “Oral administration™
includes buccal and sublingual as well as esophageal admin-
istration. Absorption of the agent can occur 1n any part or
parts of the gastrointestinal tract including the mouth,
esophagus, stomach, duodenum, i1leum and colon. Oral
formulations include such typical excipients as, for example,
pharmaceutical grades ol mannitol, lactose, starch, magne-
sium stearate, sodium saccharine, cellulose, magnesium
carbonate and the like. The compositions may take the form
of solutions, suspensions, tablets, pills, capsules, sustained
release formulations or powders.

In one embodiment, the oral formulation can comprise the
therapeutic agent and one or more bulking agents. Suitable
bulking agents are any such agent that 1s compatible with the
therapeutic agent including, for example, lactose, microc-
rystalline cellulose, and non-reducing sugars, such as man-
nitol, xylitol, and sorbitol. One example of a suitable oral
formulation includes spray-dried therapeutic agent-contain-
ing polymer nanoparticles (e.g., spray-dried poly(lactide-co-
glycolide)/amifostine nanoparticles having a mean diameter
of between about 150 nm and 4350 nm; see Pamujula, et al.,
2004, which 1s here by incorporated by reference 1n 1its
entirety). The nanoparticles can contain between about 20
and 50 w/w % therapeutic agent for example, between about
25% and 50%.

In some embodiments, when the route 1s topical, the form
may be a cream, ointment, salve or spray. Topical formula-
tions may 1include solvents such as, but not limited to,
dimethyl sulfoxide, water, N,N-dimethylformamide, propyl-
ene glycol, 2-pyrrolidone, methyl-2-pyrrolidone, and/or
N-methylforamide. To enhance skin permeability, if neces-
sary, the skin area to be treated can be pre-treated with
dimethylsulfoxide; see Lamperti et al., 1990, which 1is
hereby incorporated by reference 1n 1ts entirety.

In other embodiments, the pharmaceutical compositions
may be for subcutancous administration (e.g., injection
and/or implantation). For example, implantable forms may
be usetul for patients which are expected to undergo mul-
tiple CT scans over an extended period of time (e.g., one
week, two weeks, one month, etc.). In one example, such
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subcutaneous forms can comprise the therapeutic agent and
a carrier, such as a polymer. The polymers may be suitable
for 1immediate or extended release depending on the
intended use. In one example, the therapeutic agent can be
combined with a biodegradable polymer (e.g., polylactide,
polyglycolide, and/or a copolymers thereof). In another
example, subcutaneous forms can comprise a microencap-
sulated form of the therapeutic agent, see, e.g., Srintvasan et
al., 2002, which 1s hereby incorporated by reference 1n 1ts
entirety. Such microencapsulated forms may comprise the
therapeutic agent and one or more surfactant and other
excipients (e.g., lactose, sellulose, cholesterol, and phos-
phate- and/or stearate-based surfactants).

In a further embodiment, the therapeutic agent or phar-
maceutical compositions may be adminmistered transdermally
through the use of an adhesive patch that 1s placed on the
skin to deliver the therapeutic agent through the skin and
into the bloodstream. An advantage of the transdermal drug
delivery route relative to other delivery systems such as oral,
topical, or intravenous 1s that the patch provides a controlled
release of the therapeutic agent into the patient, usually
through a porous membrane covering a reservoir of the
therapeutic agent or through body heat melting thin layers of
therapeutic agent embedded 1n the adhesive. In practicing
certain aspects, any suitable transdermal patch system may
be used, including, without limitation, single-layer drug-in-
adhesive, multi-layer drug-in-adhesive, and reservorr.

An eflective amount of the pharmaceutical composition
may be determined based on the intended goal, such as
treating cancer, or inducing apoptosis or inhibiting cell
proliferation. The term “‘unit dose” or “dosage” refers to
physically discrete units suitable for use 1n a subject, each
unit containing a predetermined quantity of the therapeutic
agent calculated to produce the desired responses, discussed
above, 1n association with 1ts administration, 1.e., the appro-
priate route and treatment regimen.

The quantity to be administered, both according to num-
ber of treatments and umt dose, depends on the treatment
ellect desired. An effective dose 1s understood to refer to an
amount necessary to achieve a particular eflect. In the
practice 1n certain embodiments, 1t 1s contemplated that

doses 1n the range from 10 mg/kg to 200 mg/kg can aflect
the protective capability of these agents. Thus, 1t 1s contem-
plated that doses include doses of about 0.1, 0.5, 1, 5, 10, 15,
20, 25, 30, 35, 40, 45, 50, 53, 60, 65, 70, 75 80, 85, 90 100,
105, 110, 115, 120, 125, 130, 135, 140, 145, 150, 155, 160,
165, 170, 175 180, 185 190, 195 and 200, 300, 400, 500,
1000 [g/kg, mg/keg, [g/day, or mg/day or any range
derivable therein. Furthermore, such doses can be adminis-
tered at multiple times during a day, and/or on multiple days,
weeks, or months.

In certain embodiments, the effective dose of the phar-
maceutical composition 1s one which can provide a blood
level of about 1 uM to 150 uM. In another embodiment, the
ellective dose provides a blood level of about 4 uM to 100
uM; or about 1 uM to 100 uM; or about 1 uM to 50 uM; or
about 1 uM to 40 uM; or about 1 uM to 30 uM; or about 1
uM to 20 uM; or about 1 uM to 10 uM; or about 10 uM to
150 uM; or about 10 uM to 100 uM; or about 10 uM to 50
uM; or about 25 uM to 130 uM; or about 25 uM to 100 uM;
or about 25 uM to 50 uM; or about 50 uM to 150 uM; or
about 50 uM to 100 uM (or any range derivable therein). In
other embodiments, the dose can provide the following
blood level of the agent that results from a therapeutic agent
being administered to a subject: about, at least about, or at
most about 1, 2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16,
17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,
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33, 34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44, 435, 46, 47, 48,
49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 39, 60, 61, 62, 63, 64,
65, 66, 67, 68, 69, 70,71,72,73,74,775,76,71, 78,79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96,
97, 98, 99, or 100 uM or any range derivable therein. In
certain embodiments, the therapeutic agent that 1s adminis-
tered to a subject 1s metabolized 1n the body to a metabolized
therapeutic agent, in which case the blood levels may refer
to the amount of that agent. Alternatively, to the extent the
therapeutic agent 1s not metabolized by a subject, the blood
levels discussed herein may refer to the unmetabolized
therapeutic agent.

Precise amounts of the therapeutic composition also
depend on the judgment of the practitioner and are peculiar
to each individual. Factors affecting dose include physical
and clinical state of the patient, the route of administration,
the intended goal of treatment (alleviation of symptoms
versus cure) and the potency, stability and toxicity of the
particular therapeutic substance or other therapies a subject
may be undergoing.

It will be understood by those skilled 1n the art and made
aware that dosage units of [ Jg/kg or mg/kg of body weight
can be converted and expressed 1n comparable concentration
unmts of [Ig/ml or mM (blood levels), such as 4 uM to 100
uM. It 1s also understood that uptake 1s species and organ/
tissue dependent. The applicable conversion factors and
physiological assumptions to be made concerning uptake
and concentration measurement are well-known and would
permit those of skill in the art to convert one concentration
measurement to another and make reasonable comparisons
and conclusions regarding the doses, eflicacies and results
described herein.

V. LIPIDS

In certain aspects, there may be provided methods and
compositions for associating or encapsulating a TMCO3
inhibitor with a lipid and/or liposome. The TMCQO3 1nhibitor
may be encapsulated 1n the aqueous 1nterior of a liposome,
interspersed within the lipid bilayer of a liposome, attached
to a liposome via a linking molecule that 1s associated with
both the liposome and the polynucleotide, entrapped in a
liposome, complexed with a liposome, dispersed in a solu-
tion containing a lipid, mixed with a lipid, combined with a
lipid, contained as a suspension in a lipid, contained or
complexed with a micelle, or otherwise associated with a
lipid. The liposome or liposome/TMCO3 inhibitor-associ-
ated compositions are not limited to any particular structure
in solution. For example, they may be present in a bilayer
structure, as micelles, or with a “collapsed” structure. They
may also simply be interspersed i a solution, possibly
forming aggregates which are not uniform 1n either size or
shape.

Lipids are fatty substances which may be naturally occur-
ring or synthetic lipids. For example, lipids include the fatty
droplets that naturally occur 1n the cytoplasm as well as the
class of compounds which are well known to those of skill
in the art which contain long-chain aliphatic hydrocarbons
and their derivatives, such as fatty acids, alcohols, amines,
amino alcohols, and aldehydes. An example 1s the lipid
dioleoylphosphatidylcholine (DOPC).

“Liposome” 1s a generic term encompassing a variety of
unilamellar, multilamellar, and multivesicular lipid vehicles
formed by the generation of enclosed lipid bilayers or
aggregates. Liposomes may be characterized as having
vesicular structures with a phospholipid bilayer membrane
and an inner aqueous medium. Multilamellar liposomes
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have multiple lipid layers separated by aqueous medium.
They form spontancously when phospholipids are sus-
pended 1n an excess of aqueous solution. The lipid compo-
nents undergo self-rearrangement before the formation of
closed structures and entrap water and dissolved solutes
between the lipid bilayers (Ghosh and Bachhawat, 1991).
However, certain embodiments also encompass composi-
tions that have different structures in solution than the
normal vesicular structure. For example, the lipids may
assume a micellar structure or merely exist as non-umform
aggregates of lipid molecules. Also contemplated are lipo-
fectamine-nucleic acid complexes.

Liposome-mediated polynucleotide delivery and expres-
s1on of foreign DNA 1n vitro has been very successiul. Wong
et al. (1980) demonstrated the feasibility of liposome-me-
diated delivery and expression of foreign DNA 1n cultured
chick embryo, HelLa and hepatoma cells. Nicolau et al.
(1987) accomplished successiul liposome-mediated gene
transier 1n rats after intravenous injection.

In certain embodiments, the lipid may be associated with
a hemaglutinating virus (HVI). This has been shown to
tacilitate fusion with the cell membrane and promote cell
entry of liposome-encapsulated DNA (Kaneda et al., 1989).
In other embodiments, the lipid may be complexed or
employed 1n conjunction with nuclear non-histone chromo-
somal proteins (HMG-1) (Kato et al., 1991). In yet further
embodiments, the lipid may be complexed or employed 1n
conjunction with both HVI and HMG-1. In that such expres-
s1on vectors have been successiully employed 1n transfer of
a polynucleotide 1n vitro and in vivo, then they are appli-
cable.

Exemplary lipids include, but are not limited to, dioleoyl-
phosphatidylycholine (*DOPC”), egg phosphatidylcholine
(“EPC™), dilauryloylphosphatidylcholine  (“DLPC™),
dimyristoylphosphatidylcholine (“*DMPC”), dipalmitoyl-
phosphatidylcholine (“DPPC”), d1 stearoylphosphatidylcho-
line (*DSPC”), 1-myristoyl-2-palmitoyl phosphatidylcho-

line (“MPPC”), 1-palmitoyl-2-myristoyl
phosphatidylcholine (“PMPC”), 1-palmitoyl-2-stearoyl
phosphatidylcholine  (*PSPC”), 1-stearoyl-2-palmitoyl
phosphatidylcholine (“SPPC™), dilauryloylphosphatidyl-

glycerol  (“DLPG™),  dimyristoylphosphatidylglycerol
(“DWG”), dipalmitoylphosphatidylglycerol (“DPPG™), di
stearoylphosphatidylglycerol (“DSPG™), distearoyl sphin-
gomyelin (“DSSP”), distearoylphophatidylethanolamine
(“DSPE™), dioleoylphosphatidylglycerol (“DOPG™),
dimyristoyl phosphatidic acid (“DMPA”), dipalmitoyl phos-
phatidic acid (“*DPPA”), dimyristoyl phosphatidyletha-

nolamine (“DMPE”), dipalmitoyl phosphatidyletha-
nolamine (“DPPE”), dimynstoyl phosphatidylserine
(“DMPS”), dipalmitoyl phosphatidylserine (“DPPS™), brain

phosphatidylserine (“BPS”), brain sphingomyelin (“BSP”),
dipalmitoyl sphingomyelin (“DPSP”), dimyristyl phospha-
tidylcholine (*DMPC”), 1,2-distearoyl-sn-glycero-3-phos-
phocholine (“DAPC”), 1,2-diarachidoyl-sn-glycero-3-phos-

phocholine  (“DBPC”), 1,2-dieicosenoyl-sn-glycero-3-
phosphocholine (“DEPC”),
dioleoylphosphatidylethanolamine (*DOPE”), palmitoy-

loeoyl phosphatidylcholine (*POPC™), palmitoyloeoyl phos-
phatidylethanolamine (“POPE”), lysophosphatidylcholine,
lysophosphatidylethanolamine, dilinoleoylphosphatidylcho-
line, phosphatidylcholines, phosphatidylglycerols, phospha-
tidylethanolamines, cholesterol.

Liposomes and lipid compositions can be made by dif-
ferent methods. For example, a nucleotide (e.g., siRNA)
may be encapsulated in a neutral liposome using a method
involving ethanol and calcium (Bailey and Sullivan, 2000).
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The size of the liposomes varies depending on the method of
synthesis. A liposome suspended in an aqueous solution 1s

generally 1 the shape of a spherical vesicle, and may have
one or more concentric layers of lipid bilayer molecules.
Each layer consists of a parallel array of molecules repre-
sented by the formula XY, wherein X 1s a hydrophilic moiety
and Y 1s a hydrophobic moiety. In aqueous suspension, the
concentric layers are arranged such that the hydrophilic
moieties tend to remain 1n contact with an aqueous phase
and the hydrophobic regions tend to self-associate. For
example, when aqueous phases are present both within and
without the liposome, the lipid molecules may form a
bilayer, known as a lamella, of the arrangement XY-YX.
Aggregates of lipids may form when the hydrophilic and
hydrophobic parts of more than one lipid molecule become
associated with each other. The size and shape of these
aggregates will depend upon many different vaniables, such
as the nature of the solvent and the presence of other
compounds 1n the solution.

Lipids suitable for use can be obtained from commercial
sources. For example, dimyristyl phosphatidylcholine

(“DMPC”) can be obtained from Sigma Chemical Co.,
dicetyl phosphate (“DCP”) can be obtained from K & K
Laboratories (Plainview, N.Y.); cholesterol (“Chol) can be
obtained from Calbiochem-Behring; dimyristyl phosphati-
dylglycerol (“DMPG”) and other lipids may be obtained
from Avanti Polar Lipids, Inc. (Birmingham, Ala.). Stock
solutions of lipids in chloroform or chloroform/methanol
can be stored at about -20° C. Chloroform may be used as
the only solvent since it 1s more readily evaporated than
methanol.

Liposomes can be prepared in accordance with known
laboratory techniques. In certain embodiments, liposomes
are prepared by mixing liposomal lipids, 1n a solvent 1n a
container (e.g., a glass, pear-shaped flask). The container
may have a volume ten-times greater than the volume of the
expected suspension of liposomes. Using a rotary evapora-
tor, the solvent may be removed at approximately 40° C.
under negative pressure. The solvent may be removed within
about 5 minutes to 2 hours, depending on the desired volume
of the liposomes. The composition can be dried further 1n a
desiccator under vacuum. Dried lipids can be hydrated at
approximately 25-50 mM phospholipid in sterile, pyrogen-
free water by shaking until all the lipid film 1s resuspended.
The aqueous liposomes can be separated 1nto aliquots, each
placed 1n a vial, lyophilized and sealed under vacuum.

Liposomes can also be prepared 1n accordance with other
known laboratory procedures: the method of Bangham et al.
(1965), the contents of which are incorporated herein by
reference; the method of Gregoriadis (1979), the contents of
which are incorporated herein by reference; the method of
Deamer and Uster (1983), the contents of which are incor-
porated by reference; and the reverse-phase evaporation
method as described by Szoka and Papahadjopoulos (1978).
The aforementioned methods differ in their respective abili-
ties to entrap aqueous material and their respective aqueous
space-to-lipid ratios.

V1. DISEASES

Compositions or methods described herein may be admin-
istered to any patient that have an elevated level of TMCO?3
as compared to a control or reference level that 1s normal or
indicating favorable prognosis after treatment. In further
embodiments, pharmaceutical compositions or therapeutic
agents described herein may be administered to treat a
cancer. The cancer may be a solid tumor, metastatic cancer,
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or non-metastatic cancer. In certain embodiments, the cancer
may originate in the bladder, blood, bone, bone marrow,
brain, breast, esophagus, duodenum, small intestine, large
intestine, colon, rectum, anus, gum, head, kidney, liver, lung,
nasopharynx, neck, ovary, prostate, skin, stomach, testis,
tongue, or uterus.

The cancer may specifically be of the following histo-
logical type, though it 1s not limited to these: neoplasm,
malignant; carcinoma; carcinoma, undifferentiated; giant
and spindle cell carcinoma; small cell carcinoma; papillary
carcinoma; squamous cell carcinoma; lymphoepithelial car-
cinoma; basal cell carcinoma; pilomatrix carcinoma; transi-
tional cell carcinoma; papillary transitional cell carcinoma;
adenocarcinoma; gastrinoma, malignant; cholangiocarci-
noma; hepatocellular carcinoma; combined hepatocellular
carcinoma and cholangiocarcinoma; trabecular adenocarci-
noma; adenoid cystic carcinoma; adenocarcinoma 1n
adenomatous polyp; adenocarcinoma, familial polyposis
coli; solid carcinoma; carcinoid tumor, malignant; bran-
chiolo-alveolar adenocarcinoma; papillary adenocarcinoma;
chromophobe carcinoma; acidophil carcinoma; oxyphilic
adenocarcinoma; basophil carcinoma; clear cell adenocar-
cinoma; granular cell carcinoma; follicular adenocarcinoma;
papillary and follicular adenocarcinoma; nonencapsulating,
sclerosing carcinoma; adrenal cortical carcinoma; endo-
metroid carcinoma; skin appendage carcinoma; apocrine
adenocarcinoma; sebaceous adenocarcinoma; ceruminous
adenocarcinoma; mucoepidermoid carcinoma; cystadeno-
carcinoma; papillary cystadenocarcinoma; papillary serous
cystadenocarcinoma; mucinous cystadenocarcinoma; muci-
nous adenocarcinoma; signet ring cell carcinoma; infiltrat-
ing duct carcinoma; medullary carcinoma; lobular carci-
noma; inflammatory carcinoma; paget’s disease, mammary;
acinar cell carcinoma; adenosquamous carcinoma; adeno-
carclnoma w/squamous metaplasia; thymoma, malignant;
ovarian stromal tumor, malignant; thecoma, malignant;
granulosa cell tumor, malignant; androblastoma, malignant;
sertoli cell carcinoma; leydig cell tumor, malignant; lipid
cell tumor, malignant; paraganglioma, malignant;, extra-
mammary paraganglioma, malignant; pheochromocytoma;
glomangiosarcoma; malignant melanoma; amelanotic mela-
noma; superficial spreading melanoma; malignant mela-
noma 1n giant pigmented nevus; epithelioid cell melanoma;
blue nevus, malignant; sarcoma; fibrosarcoma; fibrous his-
tiocytoma, malignant; myxosarcoma; liposarcoma; leiomyo-
sarcoma; rhabdomyosarcoma; embryonal rhabdomyosar-
coma; alveolar rhabdomyosarcoma; stromal sarcoma; mixed
tumor, malignant; mullerian mixed tumor; nephroblastoma;
hepatoblastoma; carcinosarcoma; mesenchymoma, malig-
nant; brenner tumor, malignant; phyllodes tumor, malignant;
synovial sarcoma; mesothelioma, malignant; dysgermi-
noma; embryonal carcinoma; teratoma, malignant; struma
ovaril, malignant; choriocarcinoma; mesonephroma, malig-
nant; hemangiosarcoma; hemangioendothelioma, malig-
nant; kaposi’s sarcoma; hemangiopericytoma, malignant;
lymphangiosarcoma; osteosarcoma; juxtacortical osteosar-
coma; chondrosarcoma; chondroblastoma, malignant; mes-
enchymal chondrosarcoma; giant cell tumor of bone;
ewing’s sarcoma; odontogenic tumor, malignant; ameloblas-
tic odontosarcoma; ameloblastoma, malignant; ameloblastic
fibrosarcoma; pinealoma, malignant; chordoma; glioma,
malignant; ependymoma; astrocytoma; protoplasmic astro-
cytoma; fibrillary astrocytoma; astroblastoma; glioblastoma;
oligodendroglioma; oligodendroblastoma; primitive neu-
roectodermal; cerebellar sarcoma; ganglioneuroblastoma;
neuroblastoma; retinoblastoma; olfactory neurogenic tumor;
meningioma, malignant; neurofibrosarcoma; neurilem-
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moma, malignant; granular cell tumor, malignant; malignant
lymphoma; hodgkin’s disease; hodgkin’s; paragranuloma;
malignant lymphoma, small lymphocytic; malignant lym-
phoma, large cell, difluse; malignant lymphoma, follicular;
mycosis fungoides; other specified non-hodgkin’s lympho-
mas; malignant histiocytosis; multiple myeloma; mast cell
sarcoma; immunoproliferative small intestinal disease; leu-
kemia; lymphoid leukemia; plasma cell leukemia; erythro-
leukemia; lymphosarcoma cell leukemia; myeloid leukemia;
basophilic leukemia; eosinophilic leukemia; monocytic leu-
kemia; mast cell leukemia; megakaryoblastic leukemia;
myeloid sarcoma; and hairy cell leukema.

VII. SAMPLES

In certain aspects, methods involve obtaining a sample
from a subject. The methods of obtaiming provided herein
may include methods of biopsy such as fine needle aspira-
tion, core needle biopsy, vacuum assisted biopsy, incisional
biopsy, excisional biopsy, punch biopsy, shave biopsy or
skin biopsy. In certain embodiments the sample 1s obtained
from a biopsy from colorectal tissue by any of the biopsy
methods previously mentioned. In other embodiments the
sample may be obtained from any of the tissues provided
herein that include but are not limited to gall bladder, skin,
heart, lung, breast, pancreas, liver, muscle, kidney, smooth
muscle, bladder, colon, intestine, brain, prostate, esophagus,
or thyroid tissue. Alternatively, the sample may be obtained
from any other source including but not limited to blood,
sweat, hair follicle, buccal tissue, tears, menses, feces, or
saliva. In certain aspects the sample 1s obtained from cystic
fluid or fluid derived from a tumor or neoplasm. In yet other
embodiments the cyst, tumor or neoplasm 1s colorectal. In
certain aspects of the current methods, any medical profes-
sional such as a doctor, nurse or medical technician may
obtain a biological sample for testing. Yet further, the
biological sample can be obtained without the assistance of
a medical professional.

A sample may include but 1s not limited to, tissue, cells,
or biological material from cells or derived from cells of a
subject. The biological sample may be a heterogeneous or
homogeneous population of cells or tissues. The biological
sample may be obtained using any method known to the art
that can provide a sample suitable for the analytical methods
described herein. The sample may be obtained by non-
invasive methods including but not limited to: scraping of
the skin or cervix, swabbing of the cheek, saliva collection,
urine collection, feces collection, collection of menses, tears,
Or semen.

The sample may be obtained by methods known 1n the art.
In certain embodiments the samples are obtained by biopsy.
In other embodiments the sample 1s obtained by swabbing,
scraping, phlebotomy, or any other methods known 1n the
art. In some cases, the sample may be obtained, stored, or
transported using components of a kit of the present meth-
ods. In some cases, multiple samples, such as multiple
colorectal samples may be obtained for diagnosis by the
methods described herein. In other cases, multiple samples,
such as one or more samples from one tissue type (for
example colon) and one or more samples from another tissue
(for example buccal) may be obtained for diagnosis by the
methods. In some cases, multiple samples such as one or
more samples from one tissue type (e.g. rectal) and one or
more samples from another tissue (e.g. cecum) may be
obtained at the same or different times. Samples may be
obtained at different times are stored and/or analyzed by
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different methods. For example, a sample may be obtained
and analyzed by routine staining methods or any other
cytological analysis methods.

In some embodiments the biological sample may be
obtained by a physician, nurse, or other medical professional
such as a medical technician, endocrinologist, cytologist,
phlebotomist, radiologist, or a pulmonologist. The medical
proiessional may indicate the approprniate test or assay to
perform on the sample. In certain aspects a molecular
profiling business may consult on which assays or tests are
most appropriately indicated. In further aspects of the cur-
rent methods, the patient or subject may obtain a biological
sample for testing without the assistance of a medical
proiessional, such as obtaining a whole blood sample, a
urine sample, a fecal sample, a buccal sample, or a saliva
sample.

In other cases, the sample 1s obtained by an invasive
procedure including but not limited to: biopsy, needle aspi-
ration, or phlebotomy. The method of needle aspiration may
turther include fine needle aspiration, core needle biopsy,
vacuum assisted biopsy, or large core biopsy. In some
embodiments, multiple samples may be obtained by the
methods herein to ensure a suflicient amount of biological
material.

General methods for obtaining biological samples are also
known 1n the art. Publications such as Ramzy, Ibrahim
Clinical Cytopathology and Aspiration Biopsy 2001, which
1s herein incorporated by reference in 1ts entirety, describes
general methods for biopsy and cytological methods. In one
embodiment, the sample 1s a fine needle aspirate of a
colorectal or a suspected colorectal tumor or neoplasm. In
some cases, the fine needle aspirate sampling procedure may
be guided by the use of an ultrasound, X-ray, or other
imaging device.

In some embodiments of the present methods, the
molecular profiling business may obtain the biological
sample from a subject directly, from a medical professional,
from a third party, or from a kit provided by a molecular
profiling business or a third party. In some cases, the
biological sample may be obtained by the molecular profil-
ing business after the subject, a medical professional, or a
third party acquires and sends the biological sample to the
molecular profiling business. In some cases, the molecular
profiling business may provide suitable containers, and
excipients for storage and transport of the biological sample
to the molecular profiling business.

In some embodiments of the methods described herein, a
medical professional need not be mvolved in the mnitial
diagnosis or sample acquisition. An individual may alterna-
tively obtain a sample through the use of an over the counter
(OTC) kat. An OTC kit may contain a means for obtaining
said sample as described herein, a means for storing said
sample for inspection, and instructions for proper use of the
kit. In some cases, molecular profiling services are included
in the price for purchase of the kit. In other cases, the
molecular profiling services are billed separately. A sample
suitable for use by the molecular profiling business may be
any material containing tissues, cells, nucleic acids, genes,
gene fragments, expression products, gene expression prod-
ucts, or gene expression product fragments of an individual
to be tested. Methods for determining sample suitability
and/or adequacy are provided.

In some embodiments, the subject may be referred to a
specialist such as an oncologist, surgeon, or endocrinologist.
The specialist may likewise obtain a biological sample for
testing or refer the individual to a testing center or laboratory
for submission of the biological sample. In some cases the
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medical professional may refer the subject to a testing center
or laboratory for submission of the biological sample. In
other cases, the subject may provide the sample. In some
cases, a molecular profiling business may obtain the sample.

VIII. NUCLEIC ACID ASSAYS

Aspects of the methods include assaying nucleic acids to
determine expression levels. Arrays can be used to detect
differences between two samples. Specifically contemplated
applications 1nclude identifying and/or quantiiying difler-
ences between TMCO3 from a sample that 1s normal and

from a sample that 1s not normal, between a cancerous
condition and a non-cancerous condition, or between two

differently treated samples. Also, TMCO3 expression levels
may be compared between the expression level of the test
sample and a reference level indicating favorable prognosis
Or POOr Prognosis.

A sample that 1s not normal 1s one exhibiting phenotypic
trait(s) of a disease or condition or one believed to be not
normal with respect to that disease or condition. It may be
compared to a cell that 1s normal with respect to that disease
or condition. Phenotypic traits include symptoms of, or
susceptibility to, a disease or condition of which a compo-
nent 1s or may or may not be genetic or caused by a
hyperproliferative or neoplastic cell or cells or include traits
ol poor prognosis aiter certain treatment.

An array comprises a solid support with nucleic acid
probes attached to the support. Arrays typically comprise a
plurality of different nucleic acid probes that are coupled to
a surface of a substrate 1n diflerent, known locations. These
arrays, also described as “microarrays” or colloqually

“chips” have been generally described in the art, for
example, U.S. Pat. Nos. 5,143,854, 5,445,934, 5,744,305,

5,677,195, 6,040,193, 5,424,186 and Fodor et al., 1991),
cach of which 1s incorporated by reference 1n its entirety for
all purposes. Techniques for the synthesis of these arrays
using mechanical synthesis methods are described in, e.g.,

U.S. Pat. No. 5,384,261, incorporated herein by reference in
its entirety for all purposes. Although a planar array surface
1s used 1n certain aspects, the array may be fabricated on a
surface of virtually any shape or even a multiplicity of
surfaces. Arrays may be nucleic acids on beads, gels, poly-
meric surfaces, fibers such as fiber optics, glass or any other
appropriate substrate, see U.S. Pat. Nos. 5,770,358, 5,789,
162, 5,708,133, 6,040,193 and 5,800,992, which are hereby
incorporated 1n their entirety for all purposes.

In addition to the use of arrays and microarrays, it 1s
contemplated that a number of diflerence assays could be
employed to analyze TMCO3, their activities, and their
ellects. Such assays include, but are not limited to, nucleic
amplification, polymerase chain reaction, quantitative PCR,
RT-PCR, 1n situ hybridization, digital PCR, dd PCR (digital
droplet PCR), nCounter (nanoString), BEAMing (Beads,
Emulsions, Amplifications, and Magnetics) (Inostics),
ARMS (Amplification Refractory Mutation Systems),
RNA-Seq, TAm-Seg (Tagged-Amplicon deep sequencing),
PAP (Pyrophosphorolysis-activation polymerization), next
generation RNA sequencing, northern hybridization, hybrid-
ization protection assay (HPA)(GenProbe), branched DNA
(bDNA) assay (Chiron), rolling circle amplification (RCA),
single molecule hybridization detection (US Genomics),
Invader assay (ThirdWave Technologies), and/or Bridge
Litigation Assay (Genaco).

IX. PROTEIN EXPRESSION ASSAYS

In some embodiments, the gene or protein expression of
TMCO?3 1s compared to a control or a reference level. Such
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methods, like the methods of detecting expression described
herein, are useful 1n providing risk prediction, diagnosis,
prognosis, etc., of a disease or cancer.

Methods for measuring transcription and/or translation of
a particular gene sequence or biomarker are well known 1n
the art. See, for example, Ausubel, Current Protocols in
Molecular Biology, 1987-2006, John Wiley & Sons; and
Sambrook and Russell, Molecular Cloning: A Laboratory
Manual, 3rd Edition, 2000.

Polypeptides encoded by the TMCO3 gene described
herein can be detected and/or quantified by any methods
known to those of skill in the art from samples as described
herein. In some embodiments, antibodies can also be used to
detect polypeptides encoded by the genes described herein.
Antibodies to these polypeptides can be produced using well
known techniques (see, e.g., Harlow & Lane, 1988 and

Harlow & Lane, 1999; Coligan, 1991; Goding, 1986; and
Kohler & Milstein, 1975). Such techniques include antibody
preparation by selection of antibodies from libraries of
recombinant antibodies 1n phage or similar vectors, as well
as preparation of polyclonal and monoclonal antibodies by
immunizing rabbits or mice (see, e.g., Huse et al., 1989;
Ward et al., 1989).

Once specific antibodies are available, TMCO3 expres-
s1on can be detected by a variety of immunoassay methods.
For a review of immunological and immunoassay proce-
dures, see Basic and Clinical Immunology (1991). More-
over, the immunoassays of certain aspects can be performed
in any of several configurations, which are reviewed exten-
sively 1n Enzyme Immunoassay (1980); and Harlow &
Lane, supra).

Immunoassays also often use a labeling agent to specifi-
cally bind to and label the complex formed by the antibody
and antigen. The labeling agent may itsellf be one of the
moieties comprising the antibody/antigen complex. Thus,
the labeling agent may be a labeled polypeptide or a labeled
antibody that binds the protein of interest. Alternatively, the
labeling agent may be a third moiety, such as a secondary
antibody, that specifically binds to the antibody/antigen
complex (a secondary antibody 1s typically specific to anti-
bodies of the species from which the first antibody 1s
derived). Other proteins capable of specifically binding
immunoglobulin constant regions, such as protein A or
protein G may also be used as the labeling agent. These
proteins exhibit a strong non-immunogenic reactivity with
immunoglobulin constant regions from a variety of species
(see, e.g., Kronval et al., 1973; Akerstrom et al., 1985). The
labeling agent can be modified with a detectable moiety,
such as biotin, to which another molecule can specifically
bind, such as streptavidin. A variety of detectable moieties
are well known to those skilled in the art.

Commonly used assays include noncompetitive assays,
¢.g., sandwich assays, and competitive assays. In competi-
tive assays, the amount of polypeptide present in the sample
1s measured indirectly by measuring the amount of a known,
added (exogenous) polypeptide of interest displaced (com-
peted away) from an antibody that binds by the unknown
polypeptide present 1 a sample. Commonly used assay
formats include immunoblots, which are used to detect and
quantily the presence of protein 1 a sample. Other assay
formats include liposome immunoassays (LIA), which use
liposomes designed to bind specific molecules (e.g., anti-
bodies) and release encapsulated reagents or markers. The
released chemicals are then detected according to standard
techniques (see Monroe et al., 1986).

Any suitable method can be used to detect one or more of
the markers described herein. Successtul practice can be
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achieved with one or a combination of methods that can
detect and, preferably, quantily the markers. These methods
include, without limitation, hybridization-based methods,

including those employed 1n biochip arrays, mass spectroms-
etry (e.g., laser desorption/ionization mass spectrometry),
fluorescence (e.g. sandwich immunoassay), surface plasmon
resonance, ellipsometry and atomic force microscopy.
Expression levels of markers (e.g., polynucleotides or poly-
peptides) are compared by procedures well known in the art,
such as RT-PCR, Northern blotting, Western blotting, flow
cytometry, immunocytochemistry, binding to magnetic and/

or antibody-coated beads, 1n situ hybridization, fluorescence
in situ hybridization (FISH), flow chamber adhesion assay,
ELISA, microarray analysis, or colorimetric assays. Meth-
ods may further include, one or more of electrospray 1on-
1zation mass spectrometry (ESI-MS), ESI-MS/MS, ESI-MS/
(MS)n, matrix-assisted laser desorption ionization time-oi-

flight mass spectrometry (MALDI-TOF-MS),
enhanced laser desorption/ionization time-of-tlight mass

surtace-

spectrometry (SELDI-TOF-MS), desorption/ionization on
silicon (DIOS), secondary 1on mass spectrometry (SIMS),
quadrupole time-of-tlight (Q-TOF), atmospheric pressure

chemical 1onization mass spectrometry (APCI-MS), APCI-
MS/MS, APCI-(MS)11, atmospheric pressure photoioniza-

tion mass spectrometry (APPI-MS), APPI-MS/MS, and

APPI-(MS)n, quadrupole mass spectrometry, fourier trans-
form mass spectrometry (FTMS), and 1on trap mass spec-
trometry, where n 1s an integer greater than zero.

Detection methods may include the use of a biochip array.
Biochip arrays include protein and polynucleotide arrays.
The protein of iterest may be captured on the biochip array
and subjected to analysis to detect the level of the protein 1n
a sample.

X. COLORECTAL CANCER STAGING AND
TREATMENTS

Methods and compositions may be provided for treating
colorectal cancer with particular applications of TMCO3
expression or activity levels. Based on a profile of TMCO3
expression or activity levels, different treatments may be
prescribed or recommended for different cancer patients.

A. Cancer Staging

Colorectal cancer, also known as colon cancer, rectal
cancer, or bowel cancer, 1s a cancer from uncontrolled cell
growth 1n the colon or rectum (parts of the large intestine),
or in the appendix. Certain aspects of the methods are
provided for patients that are stage I-IV colorectal cancer
patients. In particular aspects, the patient 1s a stage IV
patient.

The most common staging system 1s the TNM (dor
tumors/nodes/metastases) system, from the American Joint
Committee on Cancer (AJCC). The TNM system assigns a
number based on three categories. “1”” denotes the degree of
invasion of the intestinal wall, “N” the degree of lymphatic
node mvolvement, and “M” the degree ol metastasis. The
broader stage of a cancer 1s usually quoted as a number I, 11,
II1, IV derived from the TNM value grouped by prognosis;
a higher number indicates a more advanced cancer and
likely a worse outcome. Details of this system are in the
table below:
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AJCC

stage TNM stage TNM stage criteria for colorectal cancer

Tis NO MO
11 NO MO
12 NO MO
13 NO MO

Stage 0
Stage |
Stage 1

Stage 1I-A

T1: Tumor invades submucosa
T2: Tumor invades muscularis propria

involved)

Stage II-B T4 NO MO
peritoneum

Stage I1I-A
Stage 111-B
Stage 111-C

Stage IV

T1-2 N1 MO
13-4 N1 MO
any 1T, N2 MO
any 1, any N,
M1

B. Therapy

For people with localized and/or early colorectal cancer,
the preferred treatment 1s complete surgical removal with
adequate margins, with the attempt of achieving a cure. This
can either be done by an open laparotomy or sometimes
laparoscopically. Sometimes chemotherapy 1s used before
surgery to shrink the cancer before attempting to remove it
(ncoadjuvant therapy). The two most common sites of
recurrence of colorectal cancer 1s 1n the liver and lungs. In
some embodiments, the treatment of early colorectal cancer
excludes chemotherapy. In further embodiments, the treat-
ment of early colorectal cancer includes neoadjuvant therapy
(chemotherapy or radiotherapy before the surgical removal
of the primary tumor), but excludes adjuvant therapy (che-
motherapy and/or radiotherapy after surgical removal of the
primary tumor.

In both cancer of the colon and rectum, chemotherapy
may be used 1n addition to surgery in certain cases. In rectal
cancer, chemotherapy may be used in the neoadjuvant
setting.

In certain embodiments, there may be a decision regard-
ing the therapeutic treatment based on TMCO3 expression.
Chemotherapy based on antimetabolites or thymidylate syn-
thase inhibitors such as fluorouracil (5-FU) have been the
main treatment for metastatic colorectal cancer. Major prog-
ress has been made by the introduction of regimens con-
taining new cytotoxic drugs, such as irinotecan or oxalipla-
tin. The combinations commonly used, e.g., irinotecan,
fluorouracil, and Jeucovorin (FOLFIRI) and oxaliplatin,
fluorouracil, and leucovorin (FOLFOX) can reach an objec-
tive response rate of about 30%. However, these new
combinations remain 1nactive in one half of the patients and,
in addition, resistance to treatment appear in almost all
patients who were 1mtially responders. More recently, two
monoclonal antibodies targeting vascular endothelial growth
factor Avastin® (bevacizumab) (Genentech Inc., South San
Francisco Calif.) and epidermal growth {factor receptor
Erbitux® (cetuximab) (Imclone Inc. New York City) have
been approved for treatment of metastatic colorectal cancer
but are always used in combination with standard chemo-
therapy regimens. In some embodiments, the cancer therapy
may include one or more of the chemical therapeutic agents
including thymidylate synthase inhibitors or antimetabolites
such as fluorouracil (3-FU), alone or in combination with
other therapeutic agents.

For example, in some embodiments, the first treatment to
be tested for response therapy may be antimetabolites or
thymidylate synthase inhibitors, prodrugs, or salts thereof.
In some embodiments, this treatment regimen 1s for
advanced cancer. In some embodiments, this treatment regi-
men 1s excluded for early cancer.

T1s: Tumor confined to mucosa; cancer-1n-situ
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T3: Tumor invades subserosa or beyond (without other organs
T4: Tumor invades adjacent organs or perforates the visceral

N1: Metastasis to 1 to 3 regional lymph nodes. T1 or T2.
N1: Metastasis to 1 to 3 regional lymph nodes. T3 or T4.
N2: Metastasis to 4 or more regional lymph nodes. Any T.
M1: Distant metastases present. Any T, any N.

Antimetabolites can be used 1n cancer treatment, as they
interfere with DNA production and therefore cell division
and the growth of tumors. Because cancer cells spend more
time dividing than other cells, inhibiting cell division harms
tumor cells more than other cells. Anti-metabolites masquer-
ade as a purine (azathioprine, mercaptopuring) or a pyrimi-
dine, chemicals that become the building-blocks of DNA.
They prevent these substances becoming incorporated 1n to
DNA during the S phase (of the cell cycle), stopping normal
development and division. They also affect RNA synthesis.
However, because thymidine 1s used in DNA but not in RNA
(where uracil 1s used instead), inhibition of thymidine syn-
thesis via thymidylate synthase selectively inhibits DNA
synthesis over RNA synthesis. Due to their efliciency, these
drugs are the most widely used cytostatics. In the ATC
system, they are classified under LLO1B. In some embodi-
ments, this treatment regimen 1s for advanced cancer. In
some embodiments, this treatment regimen 1s excluded for
carly cancer.

Thymidylate synthase inhibitors are chemical agents
which imhibit the enzyme thymidylate synthase and have
potential as an anticancer chemotherapy. As an anti-cancer
chemotherapy target, thymidylate synthetase can be inhib-
ited by the thymidylate synthase inhibitors such as fluori-
nated pyrimidine fluorouracil, or certain folate analogues,
the most notable one being raltitrexed (trade name Tomu-
dex). Five agents were 1n clinical trials 1in 2002: raltitrexed,
pemetrexed, nolatrexed, Z1D9331, and GS7904L. Additional
non-limiting examples include: Raltitrexed, used for col-
orectal cancer since 1998; Fluorouracil, used for colorectal
cancer; BGC 945; OSI-7904L. In some embodiments, this
treatment regimen 1s for advanced cancer. In some embodi-
ments, this treatment regimen 1s excluded for early cancer.

In further embodiments, there may be mvolved prodrugs
that can be converted to thymidylate synthase inhibitors in
the body, such as Capecitabine (INN), an orally-adminis-
tered chemotherapeutic agent used in the treatment of
numerous cancers. Capecitabine 1s a prodrug, that 1s enzy-
matically converted to 5-fluorouracil in the body. In some
embodiments, this treatment regimen 1s for advanced cancer.
In some embodiments, this treatment regimen 1s excluded
for early cancer.

If cancer has entered the lymph nodes, adding the che-
motherapy agents fluorouracil or capecitabine increases life
expectancy. If the lymph nodes do not contain cancer, the
benelits of chemotherapy are controversial. I the cancer 1s
widely metastatic or unresectable, treatment 1s then pallia-
tive. For example, a number of different chemotherapy
medications may be used. Chemotherapy agents for this
condition may include capecitabine, fluorouracil, 1rinotecan,
leucovorin, oxaliplatin and UFT. Another type of agent that
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1s sometimes used are the epidermal growth factor receptor
inhibitors. In some embodiments, this treatment regimen 1s
for advanced cancer. In some embodiments, this treatment
regimen 1s excluded for early cancer.

In certain embodiments, alternative treatments may be
prescribed or recommended based on the biomarker profile.
In addition to traditional chemotherapy for colorectal cancer
patients, cancer therapies also include a variety of combi-
nation therapies with both chemical and radiation based
treatments. Combination chemotherapies 1nclude, {for
example, cisplatin (CDDP), carboplatin, procarbazine,
mechlorethamine, cyclophosphamide, camptothecin, 1fosi-
amide, melphalan, chlorambucil, busulfan, nitrosurea, dac-
tinomycin, daunorubicin, doxorubicin, bleomycin, plicomy-
cin, mitomycin, etoposide (VP16), tamoxifen, raloxifene,
estrogen receptor binding agents, taxol, gemcitabien, navel-
bine, farnesyl-protein tansierase inhibitors, transplatinum,
S-fluorouracil, vincristin, vinblastin and methotrexate, or
any analog or derivative variant of the foregoing. In some
embodiments, treatment with one or more of the compounds
described herein 1s for advanced cancer. In some embodi-
ments, treatment with one or more of the compounds
described herein 1s excluded for early cancer.

While a combination of radiation and chemotherapy may
be useful for rectal cancer, 1ts use 1n colon cancer 1s not
routine due to the sensitivity of the bowels to radiation. Just
as for chemotherapy, radiotherapy can be used in the neo-
adjuvant and adjuvant setting for some stages ol rectal
cancer. In some embodiments, this treatment regimen 1s for
advanced cancer. In some embodiments, this treatment regi-
men 1s excluded for early cancer.

In people with incurable colorectal cancer, treatment
options including palliative care can be considered for
improving quality of life. Surgical options may include
non-curative surgical removal of some of the cancer tissue,
bypassing part of the intestines, or stent placement. These
procedures can be considered to improve symptoms and
reduce complications such as bleeding from the tumor,
abdominal pain and intestinal obstruction. Non-operative
methods of symptomatic treatment include radiation therapy
to decrease tumor size as well as pain medications. In some
embodiments, this treatment regimen 1s for advanced cancer.
In some embodiments, this treatment regimen 1s excluded
for early cancer.

Immunotherapeutics, generally, rely on the use of immune
cllector cells and molecules to target and destroy cancer
cells. The immune effector may be, for example, an antibody
specific for some marker on the surface of a tumor cell. The
antibody alone may serve as an eflector of therapy or it may
recruit other cells to actually effect cell killing. The antibody
also may be conjugated to a drug or toxin (chemotherapeu-
tic, radionuclide, ricin A chain, cholera toxin, pertussis
toxin, etc.) and serve merely as a targeting agent. Alterna-
tively, the effector may be a lymphocyte carrying a surface
molecule that interacts, either directly or indirectly, with a
tumor cell target. Various eflector cells include cytotoxic T
cells and NK cells. In some embodiments, this treatment
regimen 1s for advanced cancer. In some embodiments, this
treatment regimen 1s excluded for early cancer.

Generally, the tumor cell must bear some marker that 1s
amenable to targeting, 1.¢., 1s not present on the majority of
other cells. Many tumor markers exist and any of these may
be suitable for targeting. Common tumor markers include
carcinoembryonic antigen, prostate specific antigen, urinary
tumor associated antigen, fetal antigen, tyrosinase (p9'7),
op68, TAG-72, HMFG, Sialyl Lewis Antigen, MucA,
MucB, PLAP, estrogen receptor, laminin receptor, erb B and
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p1355. Markers described herein may be used in the context
of the current claims for the purposes of developing a
targeting moiety. For example, the targeting moiety may be
one that binds the tumor marker. In some embodiments, the
targeting moiety 1s an antibody. In further embodiments, the
targeting moiety 1s an aptamer or aptamir.

In yet another embodiment, the treatment 1s a gene
therapy. In certain embodiments, the therapeutic gene 1s a
tumor suppressor gene. A tumor suppressor gene 1s a gene
that, when present 1n a cell, reduces the tumorigenicity,
malignancy, or hyperproliferative phenotype of the cell. This
definition includes both the full length nucleic acid sequence
of the tumor suppressor gene, as well as non-full length
sequences of any length derived from the full length
sequences. It being further understood that the sequence
includes the degenerate codons of the native sequence or
sequences which may be introduced to provide codon prei-
erence 1n a specific host cell. Examples of tumor suppressor
nucleic acids within this definition include, but are not
limited to APC, CYLD, HIN-I, KRAS2b, pl9, p21, p2'/,
p27mt, p53, p57, p'73, PTEN, Rb, Uteroglobin, Skp2,
BRCA-I, BRCA-2, CHK2, CDKN2A, DCC, DPC4,
MADR2/JV18, MENI1, MEN2, MTS1, NF1, NF2, VHL,
WRN, WT1, CFTR, C-CAM, CTS-I, zacl, scFV, MMACI,
FCC, MCC, Gene 26 (CACNA2D2), PL6, Beta™ (BLU),
Luca-1 (HYALI1), Luca-2 (HYAL2), 123F2 (RASSF1),
101F6, Gene 21 (NPRL2), or a gene encoding a SEM A3
polypeptide and FUSI1. Other exemplary tumor suppressor
genes are described 1n a database of tumor suppressor genes
at www.cise.ulftedu/~yyl/HTML-TSGDB/Homepagelitml.
This database 1s herein specifically incorporated by refer-
ence 1nto this and all other sections of the present applica-
tion. Nucleic acids encoding tumor suppressor genes, as
discussed above, include tumor suppressor genes, or nucleic
acids derived therefrom {e.g., cDNAs, cRNAs, mRNAs, and
subsequences thereol encoding active fragments of the
respective tumor suppressor amino acid sequences), as well
as vectors comprising these sequences. One of ordinary skill
in the art would be familiar with tumor suppressor genes that
can be applied.

C. Monitoring,

In certain aspects, the biomarker-based method may be
combined with one or more other colon cancer diagnosis or
screening tests at increased frequency 1f the patient 1s
determined to be at high risk for recurrence or have a poor
prognosis based on the biomarker described above.

The colon monitoring may include any methods known 1n
the art. In particular, the monitoring include obtaining a
sample and testing the sample for diagnosis. For example,
the colon monitoring may include colonoscopy or colos-
copy, which 1s the endoscopic examination of the large
bowel and the distal part of the small bowel with a CCD
camera or a fiber optic camera on a flexible tube passed
through the anus. It can provide a visual diagnosis (e.g.
ulceration, polyps) and grants the opportunity for biopsy or
removal of suspected colorectal cancer lesions. Thus,
colonoscopy or coloscopy can be used for treatment.

In further aspects, the monitoring diagnosis may include
sigmoidoscopy, which 1s similar to colonoscopy—the dif-
ference being related to which parts of the colon each can
examine. A colonoscopy allows an examination of the entire
colon (1200-1500 mm 1n length). A sigmoidoscopy allows
an examination of the distal portion (about 600 mm) of the
colon, which may be suflicient because benefits to cancer
survival of colonoscopy have been limited to the detection
of lesions 1n the distal portion of the colon. A sigmoidoscopy
1s often used as a screening procedure for a full colonoscopy,

-
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often done in conjunction with a fecal occult blood test
(FOBT). About 5% of these screened patients are referred to
colonoscopy.

In additional aspects, the monitoring diagnosis may
include virtual colonoscopy, which uses 2D and 3D 1magery
reconstructed from computed tomography (CT) scans or
from nuclear magnetic resonance (MR) scans, as a totally
non-invasive medical test.

The monitoring include the use of one or more screening,
tests for colon cancer including, but not limited to fecal
occult blood testing, flexible sigmoidoscopy and colonos-
copy. Of the three, only sigmoidoscopy cannot screen the
right side of the colon where 42% of malignancies are found.
Virtual colonoscopy via a CT scan appears as good as
standard colonoscopy for detecting cancers and large
adenomas but 1s expensive, associated with radiation expo-
sure, and cannot remove any detected abnormal growths like
standard colonoscopy can. Fecal occult blood testing
(FOBT) of the stool 1s typically recommended every two
years and can be either guaiac based or immunochemical.
Annual FOBT screening results mm a 16% relative risk
reduction 1n colorectal cancer mortality, but no difference in
all-cause mortality. The M2-PK test identifies an enzyme 1n
colorectal cancers and polyps rather than blood 1n the stool.
It does not require any special preparation prior to testing.
M2-PK 1s sensitive for colorectal cancer and polyps and 1s
able to detect bleeding and non-bleeding colorectal cancer
and polyps. In the event of a positive result people would be
asked to undergo further examination e.g. colonoscopy.

XI1. SAMPLE PREPARATION

In certain aspects, methods involve obtaining a sample
from a subject. The methods of obtaining provided herein
may include methods of biopsy such as fine needle aspira-
tion, core needle biopsy, vacuum assisted biopsy, incisional
biopsy, excisional biopsy, punch biopsy, shave biopsy or
skin biopsy. In certain embodiments the sample 1s obtained
from a biopsy from colorectal tissue by any of the biopsy
methods previously mentioned. In other embodiments the
sample may be obtained from any of the tissues provided
herein that include but are not limited to non-cancerous or
cancerous tissue and non-cancerous or cancerous tissue from
the serum, gall bladder, mucosal, skin, heart, lung, breast,
pancreas, blood, liver, muscle, kidney, smooth muscle, blad-
der, colon, intestine, brain, prostate, esophagus, or thyroid
tissue. Alternatively, the sample may be obtained from any
other source including but not limited to blood, sweat, hair
follicle, buccal tissue, tears, menses, feces, or saliva. In
certain aspects the sample 1s obtained from cystic flmd or
fluid dertved from a tumor or neoplasm. In yet other
embodiments the cyst, tumor or neoplasm 1s colorectal. In
certain aspects of the current methods, any medical profes-
sional such as a doctor, nurse or medical technician may
obtain a biological sample for testing. Yet further, the
biological sample can be obtained without the assistance of
a medical professional.

A sample may include but 1s not limited to, tissue, cells,
or biological matenial from cells or derived from cells of a
subject. The biological sample may be a heterogeneous or
homogeneous population of cells or tissues. The biological
sample may be obtained using any method known to the art
that can provide a sample suitable for the analytical methods
described herein. The sample may be obtained by non-
invasive methods including but not limited to: scraping of

10

15

20

25

30

35

40

45

50

55

60

65

40

the skin or cervix, swabbing of the cheek, saliva collection,
urine collection, feces collection, collection of menses, tears,
Or semen.

The sample may be obtained by methods known 1n the art.
In certain embodiments the samples are obtained by biopsy.
In other embodiments the sample 1s obtained by swabbing,
scraping, phlebotomy, or any other methods known 1n the
art. In some cases, the sample may be obtained, stored, or
transported using components of a kit of the present meth-
ods. In some cases, multiple samples, such as multiple
colorectal samples may be obtained for diagnosis by the
methods described herein. In other cases, multiple samples,
such as one or more samples from one tissue type (for
example colon) and one or more samples from another tissue
(for example buccal) may be obtained for diagnosis by the
methods. In some cases, multiple samples such as one or
more samples from one tissue type (e.g. rectal) and one or
more samples from another tissue (e.g. cecum) may be
obtained at the same or different times. Samples may be
obtained at different times are stored and/or analyzed by
different methods. For example, a sample may be obtained
and analyzed by routine staining methods or any other
cytological analysis methods.

In some embodiments the biological sample may be
obtained by a physician, nurse, or other medical professional
such as a medical technician, endocrinologist, cytologist,
phlebotomist, radiologist, or a pulmonologist. The medical
prolessional may indicate the appropriate test or assay to
perform on the sample. In certain aspects a molecular
profiling business may consult on which assays or tests are
most appropriately indicated. In further aspects of the cur-
rent methods, the patient or subject may obtain a biological
sample for testing without the assistance of a medical
proiessional, such as obtaining a whole blood sample, a
urine sample, a fecal sample, a buccal sample, or a saliva
sample.

In other cases, the sample 1s obtained by an invasive
procedure including but not limited to: biopsy, needle aspi-
ration, or phlebotomy. The method of needle aspiration may
further include fine needle aspiration, core needle biopsy,
vacuum assisted biopsy, or large core biopsy. In some
embodiments, multiple samples may be obtained by the

methods herein to ensure a suflicient amount of biological
material.

General methods for obtaining biological samples are also
known 1n the art. Publications such as Ramzy, Ibrahim
Clinical Cytopathology and Aspiration Biopsy 2001, which
1s herein incorporated by reference in 1ts entirety, describes
general methods for biopsy and cytological methods. In one
embodiment, the sample 1s a fine needle aspirate of a
colorectal or a suspected colorectal tumor or neoplasm. In
some cases, the fine needle aspirate sampling procedure may
be guided by the use of an ultrasound, X-ray, or other
imaging device.

In some embodiments of the present methods, the
molecular profiling business may obtain the biological
sample from a subject directly, from a medical professional,
from a third party, or from a kit provided by a molecular
profiling business or a third party. In some cases, the
biological sample may be obtained by the molecular profil-
ing business aiter the subject, a medical professional, or a
third party acquires and sends the biological sample to the
molecular profiling business. In some cases, the molecular
profiling business may provide suitable containers, and
excipients for storage and transport of the biological sample
to the molecular profiling business.
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In some embodiments of the methods described herein, a
medical professional need not be mvolved in the mitial
diagnosis or sample acquisition. An individual may alterna-
tively obtain a sample through the use of an over the counter
(OTC) kit. An OTC kit may contain a means for obtaining >
said sample as described herein, a means for storing said
sample for inspection, and instructions for proper use of the
kit. In some cases, molecular profiling services are included
in the price for purchase of the kit. In other cases, the
molecular profiling services are billed separately. A sample
suitable for use by the molecular profiling business may be
any material containing tissues, cells, nucleic acids, proteins,
polypeptides, genes, gene fragments, expression products,
gene expression products, protein expression products or
fragments, or gene expression product fragments of an
individual to be tested. Methods for determining sample
suitability and/or adequacy are provided.

In some embodiments, the subject may be referred to a
specialist such as an oncologist, surgeon, or endocrinologist. 20
The specialist may likewise obtain a biological sample for
testing or refer the individual to a testing center or laboratory
for submission of the biological sample. In some cases the
medical professional may refer the subject to a testing center
or laboratory for submission of the biological sample. In 25

other cases, the subject may provide the sample. In some
cases, a molecular profiling business may obtain the sample.

10

15

XII. CANCER MANAGEMENT AND
TREAITMENT 30

Methods may nvolve the determination, admimistration,
or selection of an appropriate cancer “management regimen”
and predicting the outcome of the same. As used herein the
phrase “management regimen’ refers to a management plan 35
that specifies the type of examination, screening, diagnosis,
survelllance, care, and treatment (such as dosage, schedule
and/or duration of a treatment) provided to a subject in need
thereotf (e.g., a subject diagnosed with cancer).

The term “treatment™ or “treating” means any treatment 40
ol a disease 1n a mammal, including;:

(1) preventing the disease, that 1s, causing the clinical
symptoms of the disease not to develop by administration of
a protective composition prior to the induction of the dis-
€ase; 45

(11) suppressing the disease, that 1s, causing the clinical
symptoms of the disease not to develop by administration of
a protective composition after the mnductive event but prior
to the clinical appearance or reappearance of the disease;

(111) mhibiting the disease, that 1s, arresting the develop- 50
ment of clinical symptoms by administration of a protective
composition after their initial appearance; and/or

(1v) relieving the disease, that 1s, causing the regression of
clinical symptoms by administration of a protective com-
position aiter their 1mitial appearance. 55

The selected treatment regimen can be an aggressive one
which 1s expected to result 1n the best clinical outcome (e.g.,
complete cure of the disease) or a more moderate one which
may relieve symptoms of the disease yet results 1n 1ncom-
plete cure of the disease. The type of treatment can include 60
a surgical intervention, administration of a therapeutic drug
such as a TMCQO3 inhibitor, an exposure to radiation therapy
and/or any combination thereof. The dosage, schedule and
duration of treatment can vary, depending on the severity of
disease and the selected type of treatment, and those of skill 65
in the art are capable of adjusting the type of treatment with
the dosage, schedule and duration of treatment.

42

Biomarkers like TMCO3 that can predict the likelihood of
tumor or cancer recurrence or overall survival 1n cancer
patients can be used to identily patients who will receive
benefit of a conventional single or combined modality
therapy belfore treatment begins or to modily or design a
future treatment plan after treatment. In the same way, those
patients who do not recerve much benefit from such con-
ventional single or combined modality therapy and can offer
them alternative treatment(s) may be 1dentified.

In certain aspects, further cancer or metastasis examina-
tion or screening such as fecal occult blood testing, flexible
sigmoidoscopy and colonoscopy for colorectal cancer, or
further diagnosis such as contrast enhanced computed
tomography (CT), positron emission tomography-CT (PET-
CT), and magnetic resonance 1maging (MRI) may be per-
formed for the detection of CRC or cancer metastasis in
patients determined to have poor prognosis based on the
TMCO3 expression levels. In alternative aspects, there may
be no need for further metastasis detection for patients
determined to have favorable prognosis based on the
TMCO3 expression levels.

Non-limiting examples of screening tests include fecal
occult blood testing, tlexible sigmoidoscopy and colonos-
copy. Sigmoidoscopy may not screen the right side of the
colon where 42% of malignancies are found. Virtual
colonoscopy via a CT scan appears as good as standard
colonoscopy for detecting cancers and large adenomas but 1s
expensive, associated with radiation exposure, and cannot
remove any detected abnormal growths like standard
colonoscopy can.

A new screening method 1s the M2-PK Test. The enzyme
biomarker M2-PK has been identified as a key enzyme in
colorectal cancers and polyps. M2-PK does not depend on
blood 1n the stool and 1s specifically related to changes in the
tumor metabolism. It does not require any special prepara-
tion prior to testing. Only a small stool sample 1s needed.
M2-PK {features a high sensitivity for colorectal cancer and
polyps and 1s able to detect bleeding and non-bleeding
colorectal cancer and polyps. In the event of a positive result
people would be asked to undergo further examination, e.g.
colonoscopy.

Fecal occult blood testing of the stool may be recom-
mended every two years and can be either guaiac based or
immunochemical. For those at high risk, screenings may be
more Irequent or more early as compared with recom-
mended guidelines for people with average risk. For people
with average risk who have had a high-quality colonoscopy
with normal results, the American Gastroenterological Asso-
ciation does not recommend any type of screening 1n the 10
years lfollowing the colonoscopy. For people over 75 or
those with a life expectancy of less than 10 years, screening
may not be recommended.

In certain aspects, conventional cancer therapy or therapy
for early cancer may be applied to a subject wherein the
subject 1s 1dentified or reported as having a favorable
prognosis or low risk of metastasis based on the assessment
of the biomarker as disclosed. In further embodiments,
normal, low or moderate surveillance may be provided for

patients with a favorable prognosis or biomarker profile or
low risk of cancer or metastasis.

On the other hand, at least an alternative cancer therapy
or metastasis therapy or care may be prescribed, as used
alone or 1n combination with conventional cancer therapy, 1f
a poor prognosis or high risk of metastasis 1s determined by
the disclosed methods or kits. In further embodiments,

intensive or aggressive surveilllance may be provided for
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patients with an untavorable or poor prognosis or biomarker
profile or high risk of cancer or metastasis.

Conventional cancer therapies include one or more
selected from the group of chemical or radiation based
treatments and surgery. Chemotherapies 1nclude, for
example, cisplatin (CDDP), carboplatin, procarbazine,
mechlorethamine, cyclophosphamide, camptothecin, 1fosi-
amide, melphalan, chlorambucil, busulfan, nitrosurea, dac-
tinomycin, daunorubicin, doxorubicin, bleomycin, plicomy-
cin, mitomycin, etoposide (VP16), tamoxiien, raloxiiene,
estrogen receptor binding agents, taxol, gemcitabien, navel-
bine, farnesyl-protein tansierase inhibitors, transplatinum,
S-fluorouracil, vincristin, vinblastin and methotrexate, or
any analog or derivative variant of the foregoing.

Radiation therapy that cause DNA damage and have been
used extensively include what are commonly known as
y-rays, X-rays, and/or the directed delivery of radioisotopes
to tumor cells. Other forms of DNA damaging factors are
also contemplated such as microwaves and UV-irradiation.
It 1s most likely that all of these factors aflect a broad range
of damage on DNA, on the precursors of DNA, on the
replication and repair of DNA, and on the assembly and
maintenance of chromosomes. Dosage ranges for X-rays
range from daily doses of 50 to 200 roentgens for prolonged
periods of time (3 to 4 wk), to single doses of 2000 to 6000
roentgens. Dosage ranges for radioisotopes vary widely, and
depend on the half-life of the 1sotope, the strength and type
of radiation emitted, and the uptake by the neoplastic cells.

The terms “contacted” and “exposed,” when applied to a
cell, are used herein to describe the process by which a
therapeutic construct and a chemotherapeutic or radiothera-
peutic agent are delivered to a target cell or are placed in
direct juxtaposition with the target cell. To achieve cell
killing or stasis, both agents are delivered to a cell in a
combined amount effective to kill the cell or prevent it from
dividing.

Approximately 60% of persons with cancer will undergo
surgery of some type, which includes preventative, diagnos-
tic or staging, curative and palliative surgery. Curative
surgery 1s a cancer treatment that may be used 1n conjunction
with other therapies, such as the ftreatment nvolving
TMCO3 1nhibitors, chemotherapy, radiotherapy, hormonal
therapy, gene therapy, immunotherapy and/or alternative
therapies.

Curative surgery includes resection 1n which all or part of
cancerous tissue 1s physically removed, excised, and/or
destroyed. Tumor resection refers to physical removal of at
least part of a tumor. In addition to tumor resection, treat-
ment by surgery includes laser surgery, cryosurgery, elec-
trosurgery, and microscopically controlled surgery (Mohs’
surgery). It 1s further contemplated that compositions and
methods described herein may be used 1n conjunction with
removal of superficial cancers, precancers, or incidental
amounts ol normal tissue.

Upon excision of part of all of cancerous cells, tissue, or
tumor, a cavity may be formed 1n the body. Treatment may
be accomplished by perfusion, direct injection or local
application of the area with an additional anti-cancer
therapy. Such treatment may be repeated, for example, every
1,2,3,4,5, 6,or 7 days, or every 1, 2, 3, 4, and 5 weeks
orevery 1,2,3,4,5,6,7,8,9,10, 11, or 12 months. These
treatments may be of varying dosages as well.

Alternative cancer therapy includes any cancer therapy
other than surgery, chemotherapy and radiation therapy,
such as TMCQO3-inhibitor-based therapy, immunotherapy,
gene therapy, hormonal therapy or a combination thereof.
Subjects 1dentified with poor prognosis using the present
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methods may not have favorable response to conventional
treatment(s) alone and may be prescribed or administered
one or more alternative cancer therapy per se or in combi-
nation with one or more conventional treatments.

Immunotherapeutics, generally, rely on the use of immune
cllector cells and molecules to target and destroy cancer
cells. The immune eflector may be, for example, an antibody
specific for some marker on the surface of a tumor cell. The
antibody alone may serve as an eflector of therapy or it may
recruit other cells to actually effect cell killing. The antibody
also may be conjugated to a drug or toxin (chemotherapeu-
tic, radionuclide, ricin A chain, cholera toxin, pertussis
toxin, etc.) and serve merely as a targeting agent. Alterna-
tively, the effector may be a lymphocyte carrying a surface
molecule that interacts, either directly or indirectly, with a
tumor cell target. Various eflector cells include cytotoxic T
cells and NK cells.

Gene therapy 1s the 1nsertion of polynucleotides, includ-
ing DNA or RNA, into an individual’s cells and tissues to
treat a disease. Antisense therapy 1s also a form of gene
therapy. A therapeutic polynucleotide may be administered
before, after, or at the same time of a first cancer therapy.
Delivery of a vector encoding a variety ol proteins 1s
encompassed 1n certain embodiments. For example, cellular
expression of the exogenous tumor suppressor oncogenes
would exert their function to inhibit excessive cellular
proliferation, such as p53, pl16 and C-CAM.

Additional agents to be used to improve the therapeutic
ellicacy of treatment include immunomodulatory agents,
agents that aflect the upregulation of cell surface receptors
and GAP junctions, cytostatic and differentiation agents,
inhibitors of cell adhesion, or agents that increase the
sensitivity of the hyperproliferative cells to apoptotic induc-
ers. Immunomodulatory agents include tumor necrosis fac-
tor; interferon alpha, beta, and gamma; IL-2 and other
cytokines; F42K and other cytokine analogs; or MIP-1,
MIP-1beta, MCP-1, RANTES, and other chemokines. It 1s
turther Contemplated that the upregulation of cell surface
receptors or their ligands such as Fas/Fas ligand, DR4 or
DRS5/TRAIL would potentiate the apoptotic mducmg abili-
ties by establishment of an autocrine or paracrine effect on
hyperproliferative cells. Increases intercellular signaling by
clevating the number of GAP junctions would increase the
anti-hyperproliferative effects on the neighboring hyperpro-
liferative cell population. In other embodiments, cytostatic
or differentiation agents can be used in combination with
compositions and methods described herein to improve the
anti-hyperproliferative eflicacy of the treatments. Inhibitors
of cell adhesion are contemplated to improve the eflicacy of
compositions and methods described herein. Examples of
cell adhesion inhibitors are focal adhesion kinase (FAKs)
inhibitors and Lovastatin. It 1s further contemplated that
other agents that increase the sensitivity of a hyperprolii-
erative cell to apoptosis, such as the antibody ¢225, could be
used i1n combination with compositions and methods
described herein to improve the treatment eflicacy.

Hormonal therapy may also be used or in combination
with any other cancer therapy previously described. The use
of hormones may be employed 1n the treatment of certain
cancers such as breast, prostate, ovarian, or cervical cancer
to lower the level or block the effects of certain hormones
such as testosterone or estrogen. This treatment 1s often used
in combination with at least one other cancer therapy as a
treatment option or to reduce the risk of metastases.

Once the patient has been identified as being at high risk
for metastasis or having poor prognosis with an elevated

TMCO3 expression level, intensive or frequent surveillance
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ol metastasis may be provided for monitoring metastasis.
The high risk of metastasis usually correlates with a
patient’s likelihood of survival (e.g. the “prognosis”).

Once a cancer has metastasized or 1s determined to be at
high risk for metastasis, 1t may still be treated with radio-
surgery, chemotherapy, radiation therapy, biological therapy,
hormone therapy, surgery, or a combination of these inter-
ventions (“multimodal therapy”). The choice of treatment
depends on a large number of factors, including the type of
primary cancer, the size and location of the metastases, the
patient’s age and general health, and the types of treatments
used previously, among others. The treatment options cur-
rently available are rarely able to cure metastatic cancer,
though some tumors, such as testicular cancer and thyroid
cancer, are usually still curable.

In some embodiments, 1t 1s contemplated that a therapeu-
tic agent such as a TMCQO3 inhibitor may be used alone or
in combination with other known or available therapeutic
agents. The therapeutic agent may be administered to a
patient or a patient population that has been determined to
have an elevated expression level of TMCO3. The patient or
patient population may have cancer, be at risk of having
cancer, or be determined to have cancer.

In certain embodiments, the therapeutic agent may be
used 1n conjunction with additional therapeutic agents as
part of a treatment regimen. This process may involve
contacting cell(s) or administering to the subject the agents
at the same time or within a period of time wherein separate
administration of the agents produces a desired therapeutic
benefit. This may be achieved by contacting the cell, tissue
or organism with a single composition or pharmacological
formulation that includes two or more agents, or by con-
tacting the cell with two or more distinct compositions or
formulations, wherein one composition includes one agent
and the other includes another.

The therapeutic agents may precede, be co-current with
and/or follow the other agents by intervals ranging from
minutes to weeks. In embodiments where the agents are
applied separately to a cell, tissue or organism, one would
generally ensure that a significant period of time did not
expire between the time of each delivery, such that the
agents would still be able to exert an advantageously com-
bined eflect on the cell, tissue or orgamism. For example, in
such 1nstances, 1t 1s contemplated that one may contact the
cell, tissue or organism with two, three, four or more
modalities substantially simultaneously (1.e., within less
than about a minute) with the TMCO3 1nhibitor. In other
aspects, one or more additional agents may be administered
or provided within 1 minute, 5 minutes, 10 minutes, 20
minutes, 30 minutes, 45 minutes, 60 minutes, 2 hours, 3
hours, 4 hours, 5 hours, 6 hours, 7 hours, 8 hours, 9 hours,
10 hours, 11 hours, 12 hours, 13 hours, 14 hours, 15 hours,
16 hours, 17 hours, 18 hours, 19 hours, 20 hours, 21 hours,
22 hours, 22 hours, 23 hours, 24 hours, 25 hours, 26 hours,
27 hours, 28 hours, 29 hours, 30 hours, 31 hours, 32 hours,
33 hours, 34 hours, 35 hours, 36 hours, 37 hours, 38 hours,
39 hours, 40 hours, 41 hours, 42 hours, 43 hours, 44 hours,
45 hours, 46 hours, 47 hours, 48 hours, 1 day, 2 days, 3 days,
4 days, 5 days, 6 days, 7 days, 8 days, 9 days, 10 days, 11
days, 12 days, 13 days, 14 days, 15 days, 16 days, 17 days,
18 days, 19 days, 20 days, 21 days, 1 week, 2 weeks, 3

weeks, 4 weeks, 5 weeks, 6 weeks, 7 weeks, or 8 weeks or
more, and any range derivable therein, prior to and/or after

administering the TMCO3 1nhibitor.
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Various combination regimens ol the agents may be
employed. Non-limiting examples of such combinations are

shown below, wherein a TMCQO3 1inhibitor 1s “A” and a
second agent 1s “B”:

A/B/A B/A/B B/B/A A/A/B A/B/B B/A/A A/B/B/B B/A/B/B
B/B/B/A B/B/A/B A/A/B/B A/B/A/B A/B/B/A B/B/A/A
B/A/B/A B/A/A/B A/A/A/B B/IA/A/A A/B/A/A A/A/B/A

In some embodiments, more than one course of therapy
may be employed. It 1s contemplated that multiple courses
may be implemented. In certain embodiments, a patient may
have previously undergone radiation or chemotherapy for a
cancer that turns out to be chemotherapy- or radiation-

resistant. Alternatively, a patient may have a recurring
cancer.

XIII. GENE DELIVERY

Certain aspects 1include transferring 1nto a cell an expres-
s1on construct comprising a TMCO3 mhibitory nucleic acid.
Techniques pertaining to the transifer of expression con-
structs 1nto cells are well-known to those of ordinary skill 1n
the art. Exemplary techniques are discussed below.

A. Viral Vectors

In certain embodiments, transier of an expression con-
struct mto a cell 1s accomplished using a viral vector.
Techniques using “viral vectors™ are well-known 1n the art.
A viral vector 1s meant to include those constructs contain-
ing viral sequences suflicient to (a) support packaging of the
expression cassette and (b) to ultimately express a recoms-
binant gene construct that has been cloned therein.

In particular embodiments, the viral vector 1s a lentivirus
vector. Lentivirus vectors have been successiully used in
infecting stem cells and providing long term expression.

Another method for delivery of a nucleic acid involves the
use of an adenovirus vector. Adenovirus vectors are known
to have a low capacity for integration into genomic DNA.
Adenovirus vectors result 1n highly eflicient gene transfer.

Adenoviruses are currently the most commonly used
vector for gene transfer i clinical settings. Among the
advantages of these viruses 1s that they are eflicient at gene
delivery to both nondividing and dividing cells and can be
produced 1n large quantities. The vector comprises a geneti-
cally engineered form of adenovirus (Grunhaus et al, 1992).
In contrast to retrovirus, the adenoviral infection of host
cells does not result 1n chromosomal integration because
adenoviral DNA can replicate 1n an episomal manner with-
out potential genotoxicity. Also, adenoviruses are structur-
ally stable, and no genome rearrangement has been detected
alter extensive amplification.

Adenovirus 1s particularly suitable for use as a gene
transfer vector because of its mid-sized genome, ease of
mampulation, high titer, wide target-cell range and high
infectivity. A person of ordinary skill in the art would be
familiar with experimental methods using adenoviral vec-
tors.

The adenovirus vector may be replication defective, or at
least conditionally defective, and the nature of the adeno-
virus vector 1s not believed to be crucial to the successiul
practice of the imnvention. The adenovirus may be of any of
the 42 different known serotypes or subgroups A-F and other
serotypes or subgroups are envisioned. Adenovirus type S of
subgroup C 1s the starting material 1n order to obtain the
conditional replication-defective adenovirus vector for use
in the present imnvention. This 1s because Adenovirus type 5
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1s a human adenovirus about which a great deal of biochemi-
cal and genetic mnformation 1s known, and 1t has historically
been used for most constructions employing adenovirus as a
vector. Adenovirus growth and manipulation 1s known to
those of skill in the art, and exhibits broad host range 1n vitro
and 1n vivo. Modified viruses, such as adenoviruses with

alteration of the CAR domain, may also be used. Methods
for enhancing delivery or evading an immune response, such
as liposome encapsulation of the virus, are also envisioned.
The retroviruses are a group of single-stranded RNA viruses
characterized by an ability to convert their RNA to double-
stranded DNA 1n infected cells by a process of reverse-
transcription (Coflin, 1990). The resulting DNA then stably
integrates into cellular chromosomes as a provirus and
directs synthesis of viral proteins. The integration results 1n
the retention of the viral gene sequences in the recipient cell
and its descendants. The retroviral genome contains two
long terminal repeat (LTR) sequences present at the 5' and
3" ends of the viral genome. These contain strong promoter
and enhancer sequences and are also required for integration
in the host cell genome (Coflin, 1990).

In order to construct a retroviral vector, a nucleic acid
encoding a nucleic acid or gene of interest 1s mserted nto the
viral genome 1n the place of certain viral sequences to
produce a virus that 1s replication-defective. A person of
ordinary skill in the art would be familiar with well-known
techniques that are available to construct a retroviral vector.

Adeno-associated virus (AAV) 1s an attractive vector
system for use in the present invention as 1t has a high
frequency of integration and 1t can infect nondividing cells,
thus making 1t useful for delivery of genes into mammalian
cells 1n tissue culture (Muzyczka, 1992). AAV has a broad
host range for infectivity (Tratschin et al., 1984; Laughlin et
al, 1986; Lebkowski et al, 1988; McLaughlin et al, 1988),
which means 1t 1s applicable for use with the present
invention. Details concerning the generation and use of
rA AV vectors are described in U.S. Pat. Nos. 5,139,941 and
4,797,368, each icorporated herein by reference.

Typically, recombinant AAV (rAAV) virus 1s made by
cotransfecting a plasmid containing the gene of interest
flanked by the two AAV terminal repeats (McLaughlin et al,
1988; Samulski et al, 1989; each incorporated herein by
reference) and an expression plasmid containing the wild-
type AAV coding sequences without the terminal repeats, for
example pIM45 (McCarty et al., 1991; incorporated herein
by reference). A person of ordinary skill in the art would be
tamiliar with techniques available to generate vectors using
AAV virus.

Herpes simplex virus (HSV) has generated considerable
interest 1n treating nervous system disorders due to 1its
tropism for neuronal cells, but this vector also can be
exploited for other tissues given its wide host range. Another
factor that makes HSV an attractive vector 1s the size and
organization of the genome. Because HSV 1s large, incor-
poration of multiple genes or expression cassettes 1s less
problematic than i1n other smaller viral systems. In addition,
the availability of different viral control sequences with
varying performance (temporal, strength, etc) makes it pos-
sible to control expression to a greater extent than 1n other
systems. It also 1s an advantage that the virus has relatively
tew spliced messages, further easing genetic manipulations.

HSV also 1s relatively easy to manipulate and can be
grown to high titers. Thus, delivery 1s less of a problem, both
in terms of volumes needed to attain suflicient MOI and 1n
a lessened need for repeat dosings. For a review of HSV as
a gene therapy vector, see Glorioso et al. (1993). A person
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of ordinary skill in the art would be familiar with well-
known techmques for use of HSV as vectors.

Vaccinia virus vectors have been used extensively
because of the ease of their construction, relatively high
levels of expression obtained, wide host range and large
capacity for carrying DNA. Vaccimia contains a linear,
double-stranded DNA genome of about 186 kb that exhibits

a marked “A-1” preference. Inverted terminal repeats of
about 10.5 kb flank the genome.

Other viral vectors may be employed as constructs 1n the
present invention. For example, vectors derived from viruses
such as poxvirus may be employed. A molecularly cloned
strain of Venezuelan equine encephalitis (VEE) virus has
been genetically refined as a replication competent vaccine
vector for the expression of heterologous viral proteins
(Davis et al., 1996). Studies have demonstrated that VEE
infection stimulates potent CTL responses and it has been
suggested that VEE may be an extremely useful vector for
immunizations (Caley et al., 1997). It 1s contemplated 1n the
present invention, that VEE virus may be useful 1n targeting
dendnitic cells.

A polynucleotide may be housed within a viral vector that
has been engineered to express a specific binding ligand.
The virus particle will thus bind specifically to the cognate
receptors of the target cell and deliver the contents to the
cell. Anovel approach designed to allow specific targeting of
retrovirus vectors was developed based on the chemical
modification of a retrovirus by the chemical addition of
lactose residues to the viral envelope.

This modification can permit the specific infection of
hepatocytes via sialoglycoprotein receptors.

Another approach to targeting of recombinant retroviruses
was designed 1 which biotinylated antibodies against a
retroviral envelope protein and against a specific cell recep-
tor were used. The antibodies were coupled via the biotin
components by using streptavidin (Roux et al., 1989). Using
antibodies against major histocompatibility complex class 1
and class II antigens, they demonstrated the infection of a
variety of human cells that bore those surface antigens with
an ecotropic virus 1n vitro (Roux et al., 1989).

B. Nonviral Gene Transfer

Several non-viral methods for the transfer of nucleic acids
into cells also are contemplated by certain aspects of the

present invention. These include calcium phosphate precipi-
tation (Graham and Van Der Eb, 1973; Chen and Okayama,

1987; Rippe et al, 1990) DEAE-dextran (Gopal, 1985),
clectroporation (Tur-Kaspa et al, 1986; Potter et al, 1984),
nucleofection (Trompeter et al, 2003), direct microinjection
(Harland and Weintraub, 1985), DNA-loaded liposomes
(Nicolau and Sene, 1982; Fraley et al, 1979) and lipo-
fectamine-DNA complexes, polyamino acids, cell sonica-
tion (Fechheimer et al, 1987), gene bombardment using high
velocity microprojectiles (Yang et al, 1990), polycations
(Boussit et al, 1995) and receptor-mediated transiection (Wu
and Wu, 1987; Wu and Wu, 1988). Some of these techniques
may be successiully adapted for in vivo or ex vivo use. A
person of ordinary skill 1in the art would be familiar with the
techniques pertaining to use of nonviral vectors, and would
understand that other types of nonviral vectors than those
disclosed herein are contemplated by the present invention.
In a further embodiment of the invention, the expression
cassette may be entrapped in a liposome or lipid formula-
tion. Liposomes are vesicular structures characterized by a
phospholipid bilayer membrane and an 1nner aqueous
medium. Multilamellar liposomes have multiple lipid layers
separated by aqueous medium. Also contemplated 1s a gene
construct complexed with Lipofectamine (Gibco BRL). One
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of ordinary skill 1n the art would be familiar with techniques
utilizing liposomes and lipid formulations.

XIV. KITS

Certain aspects concern kits contaiming compositions
described herein or compositions to implement methods
described herein.

In various aspects, a kit 1s envisioned containing thera-
peutic agents and/or other therapeutic and delivery agents. In
some embodiments, a kit for preparing and/or administering
a therapy described herein may be provided. The kit may
comprise one or more sealed vials containing any of the
pharmaceutical compositions, therapeutic agents and/or
other therapeutic and delivery agents. In some embodiments,
the lipid 1s 1n one wvial, and the therapeutic agent 1s 1n a
separate vial. The kit may include, for example, at least one
inhibitor of TMCO3 expression/activity, one or more lipid
component, as well as reagents to prepare, formulate, and/or
administer the components described herein or perform one
or more steps of the methods. In some embodiments, the kit
may also comprise a suitable container means, which 1s a
container that will not react with components of the kit, such
as an eppendort tube, an assay plate, a syringe, a bottle, or
a tube. The container may be made from sterilizable mate-
rials such as plastic or glass.

The kit may further include an instruction sheet that
outlines the procedural steps of the methods set forth herein,
and will follow substantially the same procedures as
described herein or are known to those of ordinary skill. The
istruction information may be 1 a computer readable
media containing machine-readable instructions that, when
executed using a computer, cause the display of a real or
virtual procedure of delivering a pharmaceutically effective
amount of a therapeutic agent.

In some embodiments, kits may be provided to evaluate
the expression of TMCO3 or related molecules. Such kits
can be prepared from readily available materials and
reagents. For example, such kits can comprise any one or
more of the following maternials: enzymes, reaction tubes,
buflers, detergent, primers and probes, nucleic acid ampli-
fication, and/or hybridization agents. In a particular embodi-
ment, these kits allow a practitioner to obtain samples in
blood, tears, semen, saliva, urine, tissue, serum, stool, colon,
rectum, sputum, cerebrospinal fluid and supernatant from
cell lysate. In another embodiment, these kits include the
needed apparatus for performing RNA extraction, RT-PCR,
and gel electrophoresis. Instructions for performing the
assays can also be included 1n the kats.

Kits may comprise components, which may be individu-
ally packaged or placed 1n a container, such as a tube, bottle,
vial, syringe, or other suitable container means. The com-
ponents may include probes, primers, antibodies, arrays,
negative and/or positive controls. Individual components
may also be provided 1in a kit 1n concentrated amounts; in
some embodiments, a component 1s provided individually 1n
the same concentration as 1t would be 1n a solution with
other components. Concentrations of components may be
provided as 1x, 2x, 5x, 10x, or 20x or more.

The kit can further comprise reagents for labeling
TMCO?3 in the sample. The kit may also include labeling
reagents, including at least one of amine-modified nucleo-
tide, poly(A) polymerase, and poly(A) polymerase builer.
Labeling reagents can include an amine-reactive dye or any
dye known 1n the art.

The components of the kits may be packaged eirther in
aqueous media or i lyophilized form. The container means
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of the kits will generally include at least one vial, test tube,
flask, bottle, syringe or other container means, into which a
component may be placed, and preferably, suitably aliquot-
ted. Where there 1s more than one component in the kit
(labeling reagent and label may be packaged together), the
kit also will generally contain a second, third or other
additional container imnto which the additional components
may be separately placed. However, various combinations
of components may be comprised 1n a vial. The kits may also
include a means for contaiming the nucleic acids, antibodies
or any other reagent containers in close confinement for
commercial sale. Such containers may include injection or
blow molded plastic containers into which the desired vials
are retained.

When the components of the kit are provided in one
and/or more liquid solutions, the liquid solution 1s an aque-
ous solution, with a sterile aqueous solution being particu-
larly preferred.

Alternatively, the components of the kit may be provided
as dried powder(s). When reagents and/or components are
provided as a dry powder, the powder can be reconstituted
by the addition of a suitable solvent. It 1s envisioned that the
solvent may also be provided 1n another container means. In
some embodiments, labeling dyes are provided as a dnied
power. It 1s contemplated that 10, 20, 30, 40, 30, 60, 70, 80,
90, 100, 120, 120, 130, 140, 150, 160, 170, 180, 190, 200,
300, 400, 500, 600, 700, 800, 900, 1000 ug or at least or at
most those amounts of dried dye are provided in kits in
certain aspects. The dye may then be resuspended 1n any
suitable solvent, such as DMSO.

The container means will generally include at least one
vial, test tube, flask, bottle, syringe and/or other container
means, into which the nucleic acid formulations are placed,
preferably, suitably allocated. The kits may also comprise a
second container means for containing a sterile, pharmaceu-
tically acceptable bufler and/or other diluent.

The kits may include a means for containing the vials 1n
close confinement for commercial sale, such as, e.g., injec-
tion and/or blow-molded plastic containers into which the
desired vials are retained.

A kit may also include mstructions for employing the kat
components as well the use of any other reagent not included
in the kit. Instructions may include variations that can be
implemented.

XV. EXAMPLES

The following examples are included to demonstrate
preferred embodiments of the invention. It should be appre-
ciated by those of skill in the art that the techmiques
disclosed 1n the examples which follow represent techniques
discovered by the inventor to function well 1n the practice of
the ivention, and thus can be considered to constitute
preferred modes for its practice. However, those of skill in
the art should, 1 light of the present disclosure, appreciate
that many changes can be made 1n the specific embodiments
which are disclosed and still obtain a like or similar result
without departing from the spirit and scope of the invention.

Example 1—TMCO3 as an Indispensable Protein
in CRC Progression and 1ts Value as a Promising
Candidate for Targeted Therapy

Background: As per Warburg eflect, the pH in the can-
cerous regions 1s significantly lower than the corresponding
normal area. Dysregulation of pH affects tumor growth, cell
viability, proliferation and motility. Cancer cells up-regulate
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acid transportation proteins to maintain intra-cellular pH
homeostasis. TMCO family has been suggested to function
as a potential regulator for Na+/H+ levels in the cells, but the
basic molecular mechanisms and specific proteins within
this family that regulate intracellular pH remain poorly
understood.

Methods: Two human CRC cell lines, SW480 and
CACO2 were used and were used to perform siRNA knock-
down experiments with TMCO3 siRNA (Silencer Select
siRNA, Life Technologies). The successiul induction of
siIRNA against TMCO3 was 1dentified by Tagman RT-PCR

and western immunoblotting. Cell proliferation ability was
analyzed using MTT assay. Cell mvasion and migration
status was measured with Matrigel Invasion Chambers.
Induction of apoptosis was analyzed by Annexin V & Dead
Cell Kit (Millipore).

In addition, the transcript levels of TMCO3 were analyzed
in matched pairs of tumor and normal mucosa tissues from

a cohort of 122 CRC patients. All patients were categorized
into  TMCO3-Upregulated and TMCO3-Downregulated

groups, and clinicopathological features were analyzed.

Results: The expression levels of TMCO3 were signifi-
cantly reduced 1n s1-TMCO3 cells, compared to that of
control siRNA cells, 1n both SW480 and CACO2 cell lines
(FIG. 1). TMCO3-knockdown resulted in decreased cellular
proliferation (FIG. 2), invasion and migration (FIG. 3), but
enhanced apoptosis (FIG. 4), compared to control cells. In
CRC specimens, TMCO3 expression increased 1n a stepwise
manner 1n stage I-IV tumors, and CRCs with upregulated
expression of TMCO3 demonstrated significantly poor over-
all and disease-free survival compared to the down-regu-
lated group (FIG. 5).

Conclusion: These results provide first evidence for the
role of TMCO3 1n CRC, and 1llustrate 1ts clinical usefulness
as a potential prognostic biomarker in this malignancy. The
findings provide a compelling rationale for TMCQO3 as an
indispensable protein in CRC progression, and for 1ts use 1n
targeted therapy.

Applications: 1.) Prognostic tissue biomarkers for col-
orectal cancer; 2.) Therapeutic target for colorectal cancer
(antibody, small molecule, virus etc.); 3.) Target molecule
tor colorectal cancer prevention; 4.) Treatment of other types
of cancer (Gastric cancer, lung cancer, melanoma etc.)

Strengths of this study: 1.) It 1s novel to clarty the role of
TMCO3 protein. Knockdown of TMCO3 reduces cell pro-
liferation and induce apoptosis. TMCO?3 i1s indispensable for
cancer cells. 2.) It 1s novel to establish anti-cancer therapy by
the suppression of TMCQO3. This technology can be used as
the new drug including antibody, small molecule, and virus
vector. 3.) Especially, TMCO3 1s on cellular membrane and
casy to access using these drugs.

Materials:

Clinical samples: 1.) Matched colorectal cancer and adja-
cent mucosa samples from Mie Unmversity; 2.) (RNA later-
stored for RNA and DNA, n=~286); 3.) Matched colorectal
cancer and adjacent mucosa samples from Okayama Uni-
versity (Frozen tissue for RNA and DNA, n=-500); 4.)
FFPE tissue samples from Okayama University (n=600)

Colon cancer cell lines: SW480, CACQO2, HCTI116,
HCT116-P53—-/—, HCT116-P21-/—, WI38

The following experiments will be performed:

A. TMCO3 functional analysis

1. Intra-cellular pH calculation

2. Acid loading test to culture media

3. Crystal analysis of TMCO?3

4. Electron microscope

10

15

20

25

30

35

40

45

50

55

60

65

52

B. TMCO3 mRNA expression analysis by real-time R1-
PCR and analysis of the association with clinic-pathological
findings.

1. Samples: matched CRC and adjacent mucosa, 141-286
pairs

2. Real-time RT-PCR: TagMan® Gene Expression Assays
(Life technologies)

C. In vitro functional analyses and the establishment of
siRNA-based cancer treatment system

1. Target protein: TMCO?3

2. Cell lmmes: SW480, CACO2, HCTI16, HCTI116-
P53-/—, HCT116-P21—-/—, WI38

3. Knockdown of TMCO3: Silencer Select siRNA and
Lipofectamine RNAIMAX reagent (Life technologies)

4. Real-time RT-PCR for TMCO?3 to confirm knockdown

5. TagMan® Gene Expression Assays (Life technologies)

6. M1'1 assay

7. Colony formation assay

8. Invasion assay

9. Apoptosis assay

10. Cell cycle analysis

D. 1 vivo functional analysis and the establishment of
siRNA-based cancer treatment system

1. Target protein: TMCO?3

2. Cell lines: SW480, CACO2, HCT116

3. Knockdown of TMCO3: Silencer Select siRNA and
Lipofectamine RNAIMAX reagent (Life technologies)

4. Real-time RT-PCR for TMCO?3 to confirm knockdown

5. TagMan® Gene Expression Assays (Life technologies)

6. Injection of anti-TMCO3 s1IRNA using ateloGene sys-
tem

Example 2: TMCO3—a Novel Oncogenic

Enhancer and Intracellular pH Regulator 1n
Colorectal Cancer

A. Materials and Methods

Patients and sample collection: Cohort 1 (The Cancer
Genome Atlas cohort): The Cancer Genome Atlas (TCGA)
cohort was analysed as the first cohort. All data were
collected 1n the TCGA Research Network and cBioPortal.
mRINA expression levels and clinicopathological features
were collected from the TCGA provisional (microarray,
Z-score) database. Cohort 2 (Mie University cohort): 125
matched pairs of CRC tissues and corresponding normal
tissues were analysed. All tissue specimens were preserved
immediately after surgical resection i RNA (QIAGEN,
Chatsworth, Calif., USA) and later stored at -80° C.
Remaiming resected tissues were fixed by paratormaldehyde
for immunohistochemical staining. Additionally, clinico-
pathological information including age, sex, staging, tumour
location and survival durations was collected. Written
informed consent was obtained from each patient, and the
study was approved by the institutional review boards of all
involved institutions. Clinicopathological features are 1in
Supplementary Table 1.

SUPLLEMENTARY TABLE 1

Clinicopathological features of the patients in
cohort 1 and cohort 2

Characteristics

Cohort 1 (TCGA) Cohort 2 (Original)

222
69.5 (68.0-71.0)

135
68.1 (66.3-69.9)

No. of patients
Age
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SUPLLEMENTARY TABLE 1-continued

Clinicopathological features of the patients in
cohort 1 and cohort 2

Characteristics Cohort 1 (TCGA) Cohort 2 (Original)
Sex

Male 116 (52.3%) 80 (59.3%)
Female 106 (47.7%) 55 (40.7%)
Location

Colon 152 (69.1%) 81 (60.0%)
Rectum 68 (30.9%) 54 (40.0%)
Tumour depth

T1 or T2 55 (24.8%) 34 (25.6%)
T3 or T4 167 (75.2%) 99 (74.4%)
Lymph node

metastasis

Negative 136 (61.3%) 68 (51.1%)
Positive 86 (38.7%) 65 (48.9%)

Distant metastasis

Negative 186 (84.5%) 103 (77.4%)
Positive 34 (15.5%) 30 (22.6%)
Stage

I, 11
1L, IV

132 (59.7%)
RO (40.3%)

69 (51.9%)
64 (48.1%)

Cohort for protein expression analysis: In addition to the
original cohort, protein expression in normal and cancer
tissues were analysed using the Human Protein Atlas data-
base.

10

15

20

25

30

54

500 ng of total RNA using random hexamer primers and
SuperScript 111 Reverse Transcriptase (Invitrogen, Carlsbad,
Calif., USA).

Real-time quantitative PCR analysis of relative TMCQO3
expression levels: Quantitative real-time PCR (gRT-PCR)
was performed using the StepOne Real Time PCR System
(Applied Biosystems, Foster City, Calif.,, USA). mRNA
expression levels were measured using TagMan probes
specific for TMCO3 (Hs01015362_ml, TagMan Gene
Expression Assays, Life Technologies, Carlsbad, Calif.,
USA), and TMCO3 expression was normalised to that of

GAPDH (Hs02758991_¢gl, TagMan Gene Expression

Assays, Life Technologies). Expression levels were ana-
lysed using StepOne Software v2.1 (Applied Biosystems).

The relative expression level of each mRNA was determined
using the AACt method. Upregulated TMCO3 relative
expression was determined as the ratio of cancerous tissue

and the adjacent normal mucosa. All assays were performed

in duplicate.
Real-time quantitative PCR analysis of relative sXBP1,

ATF3, ATF4, CHOP and TFDPI1 expression levels: Quanti-

tative real-time PCR (qRT-PCR) was performed using the
StepOne Real Time PCR System (Applied Biosystems) for
the analyses of sXBP1, ATF3, ATF4, CHOP and TFDPI.
mRNA expression levels were measured using Power SYBR
Green Master Mix (4368577, Life Technologies). Primer
sequence 15 shown 1n supplementary data (Supplementary
Table 2). Expression levels were analysed using StepOne
Software v2.1 (Applied Biosystems). The relative expres-
sion level of each mRNA was determined using the AACt
method.

Supplementary Table 2
Primer setting of PCR

JgRT-PCR using cDNA

Gene Primer sequence

sXBP1 Forward: CTGAGTCCGAATCAGGTGCAG [SEQ ID NO. 3]
Reverse: ATCCATGGGGAGATGTTCTGG [SEQ ID NO. 4]

ATFE Forward: GCCGAAACAAGAAGAAGGAGA [SEQ ID NO. 5]
Reverse: TCGTTCTTGAGCTCCTCAATC |[SEQ ID NO. 6]

ATEF4 Forward: GTTCTCCAGCGACAAGGCTA |[SEQ ID NO. 7]
Reverse: ATCCTGCTTGCTGTTGTTGG [SEQ ID NO. 8]

CHOP Forward: AGAACCAGGAAACGGAAACAGA [SEQ ID NO. 9]
Reverse: TCTCCTTCATGCGCTGCTTT [SEQ ID NO. 10]

TEFDP1 Forward: ACACCCCCAGCACTCACTTT |[SEQ ID NO. 11]
Reverse: GGCCCTTGCCATTCTTCTCT [SEQ ID NO. 12]

GAPDH Forward: CTGCACCACCAACTGCTTAG |[SEQ ID NO. 13]
Reverse: GTCTTCTGGGTGGCAGTGAT [SEQ ID NO. 14|

PCR using DNA

Gene Primer sequence

CHOP binding Forward: GAGGCCCACGTTCTAACCT [SEQ ID NO. 15]

site in TMCO3 Reverse: CGTTAGGAGTCACAGGAGGG [SEQ ID NO. 16|

Total RNA extraction and complementary DNA synthe-
s1s: RNA later-preserved surgical specimens were homoge-
nised using a Mixer Mill MM 300 homogenizer (QIAGEN)
and total RNA was 1solated from tissues with RNeasy Mini

kits (QIAGEN) according to the manufacturer’s instruc-
tions. Complementary DNA (cDNA) was synthesised from

65

Immunohistochemistry: Parathin embedded sections were
deparathinised by xylene and ethanol. After the elimination
of endogenous peroxidase activity by H202 and antigen

retrieval (autoclave 121° C., 15 minutes), slides were 1ncu-
bated with ainti-TMCO3 antibody (ab134581, abcam, 1:400
dilution) for 1 hour. After the reaction of first antibody, slides
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were stained with EnVision+Dual Link Kit (DAKO, Carpin-
teria, Calif., USA) and haematoxylin.

Cell lines for in vitro analysis: The CRC cell lines SW480
and HCT116 CRC cell lines were purchased from the
American Type Culture Collection (ATCC, Rockville, Md.,

USA). All cell lines were cultured according to the manu-
facturer’s specifications. Every few months, all cell lines
were tested and authenticated using a panel of genetic and
epigenetic markers. These cell lines were maintained 1n
Iscove’s Modified Dulbecco’s Medium (Invitrogen) con-
taining 10% foetal bovine serum and 1% penicillin-strepto-
mycin at 37° C. 1n a humidified 3% CO2 atmosphere.
Small interfering RNA transfection: TMCO3-specific
validated locked nucleic acid (LNA)-modified Silencer
Select siRNA (s1TMCO3; Silencer Select Validated siRNA,
$29960, Ambion/Life Technologies) and control siRNA (si1-
Control; Silencer Select Negative Control #1 siRNA,

4390843, Ambion) were used for the eflective knock down

of each gene and prevention of ofi-target effects by the sense
strand. All experiments were performed by forward trans-

fection according to manufacturer’s protocol. In brief, a
mixture of Optimem 1 (Invitrogen), Lipofectamine

RNAIMAX Transfection Reagent (Thermo Fisher Scien-
tific) and siRNA oligonucleotides (30 nM) was added to
seeded cells. Cells were 1incubated 1n culture media for 48 h
alter transiection prior to harvesting for analyses.

Western blotting: Western immunoblotting experiments
were performed as described previously. In briet, cells were
lysed using 500 pl. of 1xSDS sample bufler containing
B-mercaptoethanol, and electrophoresis was performed.
Anti-TMCO3 antibody (ab154581, abcam, 1:5000 dilution),
Anti-c-Myc antibody (sc-40, Santa Cruz Biotechnology,
1:250 dilution), Anti-Cyclin D1 (sc-8396, Santa Cruz Bio-
technology, 1:250 dilution), Anti-Cyclin E (sc-247, Santa
Cruz Biotechnology, 1:250 dilution), Anti-IREla (#3294,
Cell Signaling Technology, 1:1000 dilution), Anti-Bip
(#3177, Cell Signaling Technology, 1:1000 dilution), Anti-
CHOP (#2895, Cell Signaling Technology, 1:1000 dilution)
were used for the staining of target gene, and anti-3-actin
antibody (A5441, Sigma, 1:5000 dilution) was used as
reference. The bands were visualized using G: Box (Syn-
gene, Frederick, Md., USA).

MTT assay: An MTT (3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide) assay (Sigma-Aldrich Corp.,
St. Louis, Mo., USA) was used to analyse cellular viability
and proliferation. First, 1000 cells were seeded into each
well of a 96-well plate and cultured for 1, 2, 3 and 4 days
cach. Next, 10 ul of MT'T solution was added to each well,
and i1ncubated for 2 hours. After the lysis step using Dim-
cthyl sulfoxide, the absorbance at 570 nm was calculated
using an Infinite 200 PRO plate reader (ITECAN, Manne-
dort, Switzerland) every day for 4 days.

Colony formation assay: A total of 500 cells transiected
with s1iTMCO3 or s1Control were seeded into 6-well plates
and cultured for 10 days 1n a humidified CO2 incubator at
3’7° C. The numbers of colomes contaiming >50 cells were
counted using GeneTools image analysis software (Syngene,
Frederick, Md., USA).

Invasion assay: The invasiveness of cancer cells was
cvaluated using BioCoat Matrigel Invasion Chambers
(CORNING, Tewksbury, Mass., USA). A total of 5x105
cells transfected with siTMCO3 or siControl were seeded
into the invasion and control chambers 1n serum-iree
medium. The chambers were incubated for 48 h at 37° C.

[

prior to fixing and staiming the membranes with the Diil-
Quick Stain-3 Step Set (Richard Allan Scientific, Kalama-
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700, Mich., USA). The number of cells that had invaded to
the underside of the membrane was then determined.
Apoptosis assay: Muse Annexin V and Dead Cell Assay
Kit (MCH100105, EMD Millipore, Billerica, Mass., USA)
was used to quantily apoptotic cells according to the manu-
facturer’s specifications. 100 ul of cell suspension were

loaded into the 1.5 ml tube with 100 ul of the Muse Annexin
V & Dead Cell Reagent. After the incubation for 20 minutes,
cells were analysed using Muse Cell Analyzer (Millipore,
Billerica, Mass., USA). Annexin V positive cells were
determined as apoptotic cells. Active Caspase-3 was ana-
lysed as apoptosis marker using CaspGLOW Fluorescein
Active Caspase-3 Staming Kit (88-7004-42, eBioscience,
San Diego, Calif., USA) according to the manufacturer’s
specifications.

Acidic culture model: At first Cells were cultured for 3
days 1n the same condition to induce endogenous acidifica-
tion. After that, cells in acidic group were cultured for
additional 3 days 1n the same medium with enough nutrition
supply. On the other hand, cells in control group were
cultured 1n normal pH medium changed once a day to keep
normal pH for additional 3 days. pH of culture media was
confirmed 1n the beginning and end of experiment using pH
meter.

Intracellular pH calculation: pHrodo Green AM Intracel-
lular pH Indicator (P35373, Thermo Fisher Scientific,
Waltham, Mass., USA) was used to calculate intracellular
pH according to the manufacturer’s specifications. Cells
were icubated with pHrodo AM Ester staining solution for
30 min. After that, intracellular fluorescent signal was ana-
lysed using tflow cytometry and Flowlo (Flowlo, Flowlo,
Ashland, Oreg., USA).

Xenogralt model: Male athymic nude mice were obtained
from Harlan Laboratories (Houston, Tex., USA) at 5 weeks
of age and kept under controlled conditions (12 h light and
dark cycles). The amimal protocol was approved by the
Institutional Animal Care and Use Commiuttee of the Baylor
Research Institute. Xenograit tumours were generated using
HCT116 cell line with TMCO3 s1RNA or its controls. These
cancer cells were suspended 1n PBS and Matrigel (Corning)
(1:1 ratio) and 3x106 cells were subcutancously 1njected
into the abdominal flanks of each mice. Eleven mice were
used 1n each group. The mice were monitored for twelve
days following injection, and subcutancous tumours were
measured every two days. Tumour size was measured using
callipers and the volume was calculated using the following
formula: (3.14*L*W*H)/6 where L represents length, W
width, and H height. At twelve days post-injection, all
animals were sacrificed. Tumour samples were dissected and
stored 1n RN A-later (Sigma-Aldrich), and the expression of
TMCO3 1n xenograft tissues was confirmed by gRT-PCR.

Chromatin Immunoprecipitation assay (Chip assay):
High-Sensitivity ChIP Kit (ab185913, abcam) was used to
analyse protein-DNA 1nteraction by Chip assay according to
the manufacturer’s specifications. 3x106 HCT116 cells were
collected and fixed with 1% formaldehyde. After the shear-
ing of DNA by sonication, chromatin was reacted with
ant1-CHOP antibody (#2895, Cell Signaling Technology, 0.8
um/well), anti-RNA Polymerase II antibody (0.8 um/well) as
positive control and Non-immune IgG (0.8 pum/well) as
negative control for overmght. After the collection of cap-
tured chromatin-DNA complex, DNA was purified. Binding
site of transcription factor was estimated using TFBIND.
Target DNA sequence was detected by PCR followed by
clectrophoresis. Primer sequence 1s shown 1n supplementary
data (Supplementary Table 2).
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Enhancer analyses using FANTOMS database and UCSC
genome browser: Original data including enhancer activity
was obtained from FANTOMYS database; Expression (TPM
and RLE normalized) matrix of enhancers across all con-
sidered FANTOM libraries (http://enhancer.bintku.dk/Pre-
defined_tracks.html). The formula of relative activation
level of enhancer 1s as below: [(CACO2-colon adult
donorl )+(COLO320—colon adult donorl)]/2+[(MKNI-
stomach fetal donorl )+(MKN435-stomach fetal donorl)]/2+
| (MCF7-breast adult donorl)+(MDA-MB-433—breast adult
donorl)]/2+[(A349-lung right lower lobe adult donorl)+
(PC-14-lung night lower lobe adult donorl)]/2+[(DU145-
Prostate Epithelial Cells (polarized) donorl)+(PC-3—-Pros-
tate Epithelial Cells (polarized) donorl)]/2+[(COL0679-
Melanocyte  light donorl)+(G361-Melanocyte  light
donorl)]/2. Information of ChIA-PET was obtained from
UCSC genome browser.

Methylation analyses: The information of promoter meth-
ylation in TMCO3 gene was obtained from the human
pan-cancer methylation database, MethHC.

Structure prediction of TMCO3: Sequence of amino acid
was obtained from UCSC genome browser. SACS
TMHMM Transmembrane Prediction was used to predict
transmembrane segments 1n a protein. Swiss model powered
by Biozentrum, University of Basel was used to predict 3D
structure of TMCO3 protein.

Statistical analyses: Results are expressed as
meanszstandard errors (SE). IMP software (ver. 10.0, SAS
Institute Inc., Cary, N.C., USA) was used to perform the
statistical analyses. The Wilcoxon rank sum test was used to
compare continuous variables, and Fisher’s exact test was
used to analyse categorical variables. Disease-Iree survival
(DFS) was measured from the operation date to the date of
recurrence or cancer related death. The Kaplan-Meier
method with the log-rank test was used to estimate distri-
butions of DFS 1n each patient group through univanate
analyses. Cut-ofl value of TMCO3 high expression was
determined as the level which can eliminate 75% of normal
area using 15 matched normal-cancer pairs in TCGA data-
base with partially matched cancer-normal tissues. In
cohort2 with absolutely matched cancer-normal tissues,
TMCO3 high group was determined as patients whose
cancerous tissue showed higher TMCO3 expression than
adjacent normal mucosa. Cox proportional hazard models
were used to calculate hazard ratios (HR) with correspond-
ing 95% confidence ntervals (CI) for each group 1n a
univariate and multivariate analysis. All calculated P values
are two-sided, and a P value of <0.05 was considered to
indicate statistical significance.

B. Results

1. Enhancer in TMCO3 1s Activated in Many Types of
Cancer

Cancer specific enhancer activation level 1s analysed in
FANTOMS database. Enhancer in TMCO3 gene 1s 23th
activated enhancer 1n 43011 enhancers 1n many cancer types
including colorectal cancer, gastric cancer, breast cancer,
lung cancer and prostate cancer. TMCO?3 gene has enhancer
element between exon 1 and exon 2, which was detected 1n
chr13:114147699-114148153. Additionally, TMCO3 has a
Na+-H+ antiporter domain including 10 transmembrane

domains (FIG. 7A-B). Immunofluorescence cell staining
showed that TMCO3 was located 1n cellular membrane (data
not shown). These results suggest that TMCO3 1s a potential
ion exchanger with oncogenic enhancer activity.
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2. TMCO3 1s Upregulated in Many Types of Cancer:
Testing Set

At first, TMCO3 expression levels 1n Oncomine database
were analyzied. TMCO3 was upregulated 1n many types of
cancers. In two dataset, Skrzypczak Colorectal 2 Dataset
(normal vs adenoma: P=5.13E-6, normal vs colon carci-
noma epithelia: P=1.48E-6, normal vs colon carcinoma:
P=1.33E-3) and Kaiser Colon Dataset (normal vs cecum
carcinoma: P=0.005, normal vs colon carcinoma: P=0.007,
normal vs rectosigmoid carcinoma: P=0.019), TMCO3 was
upregulated 1n colorectal neoplastic lesions compared with
normal mucosa (FIG. 14 A-C). This means that TMCO?3 may
play a significant role in carcinogenesis.

3. TMCO3 1s Upregulated in CRC and Results 1n Worse
DFS 1n TCGA Cohort

In order to determine whether TMCO3 expression 1s
correlated with clinicopathological features 1 CRC,
TMCO3 expression levels in TCGA database were ana-
lyzed. At first we categorised patients into 2 subgroups;
TMCO3 high or low group. Cut-ofil value of TMCO3 high
expression was determined as the level which can eliminate
normal using 15 matched normal-cancer pairs. 75% of
patients was categorised into TMCO3 high group and 25%
was categorized into TMCO3 low group (FIG. 8A). TMCO3
was upregulated in CRC 1n stage dependent manner (FIG.
8B). The TMCO3 expression level was significantly higher
in Stage 111 or IV CRC lesions relative to Stage I or II CRC
lesions (P=0.03) (FIG. 8C). The TMCO3 expression level
was also higher in lymph node metastasis-positive CRC
lesions than 1n negative CRC lesions (P=0.01) (FIG. 8D).
Collectively these data indicate that TMCO3 may act as
oncogene.

Next, relationship between TMCO3 expression and DES
was analysed. The high-TMCO3 group had worse DFS than
the low-TMCO3 group (P=0.02) (FIG. 8E).

4. High TMCO3 Group Showed Worse Clinicopathologi-
cal Status 1n Cohort2 CRC Patients

The original cohort 2 was analyzed. TMCO3 high group
was determined as patients whose cancerous tissue showed
higher TMCO3 expression than adjacent normal mucosa.
TMCO3 was upregulated in CRC 1n stage dependent manner
(FIG. 15A). Additionally the relationship between TMCO?3
expression level and clinicopathological features was ana-
lysed. The high TMCO3 group had a significantly greater
distant metastasis positive rate than the low-TMCO3 group
(P=0.04) (FIG. 15B). High TMCO3 group showed worse
DFS (P<0.01) in Kaplan-Meyer analysis (FIG. 8F).

5. TMCO3 Expression Level 1s an Independent Prognos-
tic Factor of DFS 1n Stage II and III CRC Patients in TCGA
and Cohort 2

From the climical viewpoint, the information about recur-
rence risk 1s useful to determine the eligibility to adjuvant
chemotherapy because high risk Stage II and III need
chemotherapy after the surgery to reduce the recurrent risk.
It was analysed whether TMCO3 expression level can be a
good biomarker to estimate the recurrent risk 1n Stage II and
III CRC patients using DFS information in both cohorts. We
analysed two cohorts using Cox proportional hazard model.
In TCGA cohort, Cox proportional hazard analysis demon-
strated that high-TMCO3 expression was an independent
prognostic factor in patients with Stage II or III CRC
(P=0.05) (Table 1). In cohort 2, the same result was obtained
(P=0.01), suggesting that the expression level of TMCO?3
can be an independent risk marker 1n post-operative Stage 11
and III CRC patients (Table 2). This information will be
helptul to determine patient’s eligibility to adjuvant chemo-
therapy.
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TABLE 1

Univariate and multivariate analysis of outcome (DEFS)
predictors in cohort 1 (TCGA) with Stage II or III CRCs

Univariate Multivariate
Characteristic HR 95% CI P HR 95% CI P
Tumour depth
T3 or T4/T1 or 1.23 0.38-7.50 0.77 093 0.15-17.88 0.95
T2
Lymph node
metastasis
Positive/ 1.45 0.88-2.40 0.15 1.28 0.39-3.86 0.65
Negative
TMCO3
High/Low 5.10 1.01-92.62 0.05 5.00 0.98-91.05 0.05
TABLE 2
Univariate and multivariate analysis of outcome (DFS)
predictors in cohort 2 with Stage II or III CRCs
Univariate Multivariate
Characteristic HR 95% CI P HR 95% CI P
Tumour depth
T3 or T4/T1 or 9.30 1.93-167.10 <0.01 2.91 0.50-55.26 0.27
T2
Lymph node
metastasis
Positive/ 772 2.97-23.83 <0.0001 5.73 2.07-18.84 0.001
Negative
TMCO3
High/Low 3.73  1.44-9.27 0.01 3.59 1.34-9.31 0.01

6. Inhibition of TMCQO3 Results 1n Decreased Cell Pro-

liferation, Attenuated Tumorigenicity, and Lower Invasive
Potential 1n Colorectal Cancer Cells

To determine whether TMCO?3 modulates biological char-
acteristics of CRC cells, TMCO3 expression was transiently
knocked-down 1n SW480 and HCT116 cell lines via siRNA
transiection. At first, TMCO3 expression i SW480 (Micro-
satellite stable CRC, KRAS G12V mutant) and HCT116
(Microsatellite instable CRC, KRAS G13V mutant) was
confirmed using gqRT-PCR (FIG. 9A). Fach cell lines
showed eflective reduction in TMCO3 mRNA by siTMCO3
knockdown. This knockdown efliciency was further vali-
dated at protein level using western blotting. Both CRC cell
lines showed significant suppression of TMCO3 protein
expression following TMCO3 knockdown (FIG. 9B).

Next, in order to determine whether downregulation of
TMCO3 resulted 1n suppression of cell proliferation 1n
human cancer cell lines, the expression of key regulator of
cell proliferation was analysed using western blotting.
c-Myc, Cyclin D1 and Cyclin E were all downregulated 1n
s1TMCO3 cells in SW480 and HCT116 cell lines (FIG. 9C).
Cell proliferation ability was additionally analysed by MTT
assays using s11MCO3 transfected cell lines. In both SW480
and HCT116 cell lines, siTMCQO3-transtected cells exhib-
ited remarkably suppressed proliferation, compared with
siControl-transfected cells (FIG. 9D). Colony formation
assays were then used to evaluate the eflect of siTMCO3 on
the colony-forming abilities of single cancer cells. SW480

and HCT116 cells transfected with siTMCO3 produced a
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significantly lower number of colonies, compared with
siControl-transtected cells (FIG. 9E).

Considering that the clinical data indicated TMCO3 over-
expression as a potential risk factor for invasion and corre-
sponding metastasis of CRCs, we vestigated whether
TMCO3 knockdown inhibits invasive capacity of CRC cells
using in vitro trans-well mvasion assays. siITMCO3 trans-
fection resulted 1n significantly decreased imnvasiveness rela-
tive to siControl-transfected cells in both the SW480 and
HCT116 CRC cell lines (FIG. 9F). The same tendency was
obtained from migration assay (FIG. 9G). Interestingly, the
same results were obtained from HCT116 (p53-/-) and
HCT116 (p21-/-) cells, suggesting that p53 and p21 are not
involved 1n these phenomenon caused by siTMCO3 (Data
not shown).

7. Knockdown of TMCO3 Lead to Intracellular Acidifi-
cation Followed by Induction of Apoptosis

Next, mtracellular pH level 1 siTMCO3 CRC cells was
analysed using intracellular pH Indicator based on flow
cytometry technology because TMCO3 i1s a potential cat-
ion—H+ antiporter (FIG. 10A). Cancer cell generate much
lactate because of Warburg eflect and 1t was hypothesised
that s1 RNA knockdown of TMCO3 may lead to acidification
in 1ntra-cellular environment. In siTMCQO?3 transfected cells,
intra-cellular pH significantly decreased as expected (FIG.
10B). This intracellular acidification finally induces apop-
tosis. The rate of apoptotic cells appeared to be raised in
s1TMCO3 cells 1n both SW480 and HCT116 cell lines (FIG.
10C). Activation of caspase-3 1 s1iTMCO3 cells supports
induction of apoptosis in s1iTMCO3 CRC cells (FIG. 10D).
These 1n vitro analyses showed that TMCO?3 has oncogenic
potential with intra-cellular pH controller and inactivation of
TMCO?3 leads to attenuated tumorigenicity because of 1ntra-
cellular acidification and simultaneous apoptosis. These
results support oncogenic role of TMCO3 obtained from two
clinical cohorts. On the other hand, 1n non-cancerous WI38
cells, suppression elflect of cell proliferation and induction of
apoptosis were not so severe compared with that of cancer
cells 1n s TMCO3. This means that the role of TMCQO3 1s not
essential 1n normal cells because normal cells don’t have the
potential of Warburg eflect (data not shown).

8. TMCO3 Inhibits Xenograit Tumour Growth

To confirm the 1n vitro findings, xenograft tumours were
generated using HCT116 cells transiected with either si11-
MCO3 or siControl imjected 3x106 cells subcutaneously to
the flanks nude mice. 10 days following the 1nitial injection,
the tumour volume and weight were significantly lower in
recipients of s1ITMCO3-transiected cells, compared with
recipients of siControl-transiected cells (FIG. 11 A). In order
to determine the eflicacy of TMCO3 siRNA knockdown, we
extracted RNA from the xenograft tumours and evaluated
TMCO3 expression by gRT-PCR. TMCO3 expression level
was significantly lower 1n siTMCO3 tumours than in
scramble control transfected tumours (FIG. 11B). This 1n
vivo experiment showed completely consistent results with
in vitro experiment.

9. Acidic Environment Induce TMCO3 Overexpression
by Means of Endoplasmic Reticulum (ER) Stress

In cancerous tissue, pH 1s often down-regulated mainly
because of Warburg eflect. The effect of acidic environment
in CRC cells was analyzed. SW480 and HCT116 cells were
kept 1 acidic medium for 3 days and compared with cells
cultured 1n normal pH medium (FIG. 12A). pH level 1n
culture medium was checked using pH calculator. pH 1n
acidic medium was kept significantly lower than that of
normal medium during this experiment (FIG. 12B). TMCO3
mRINA expression 1s up regulated in acidic culture 1n both
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SW480 and HCT116 cells. TMCO3 protein expression 1s
also up regulated 1n acidic culture 1n both cells (FIG. 6C).
This upregulation of TMCO3 will be helpful to pump off
proton from cytoplasm. In the next step, the overexpression
mechanism of TMCO3 was analyzed. Intracellular acidifi-
cation induces endoplasmic reticulum (ER) stress. The key
modulators of ER stress including sXBP1, ATF3, ATF4 and
CHOP mRNAs were up-regulated in acidic culture (FIG.
12D). Additionally, in the western blotting, IRElc, Bip,
CHOP were upregulated, suggesting that acidic environment
induce ER stress in cancer cells (FIG. 12E). In these
molecules, CHOP 1s a key transcription factor and TMCO?3
has 1ts multi-binding sites 1n 1ts promoter-enhancer sequence
(FIG. 12F). CHIP assay showed binding of CHOP to pro-
moter-enhancer sequence in TMCO3, suggesting that CHOP
can regulate the activation of TMCO3 gene 1n acidic envi-
ronment (FIG. 12G-H).

10. Protein Expression of TMCO3 1n Colorectal Cancer
and Normal Mucosa

TMCO3 has a transmembrane domain and act as 1on
exchanger. However, the localization of TMCO3 protein 1n
cancer lesion remains unknown. TMCQO3 protein expression
was then analysed using public database and our original
cohort. At first, Localization of TMCO3 was analysed using
the Human Protein Atlas database. TMCO3 was detected in
microvilli 1n normal colon epithelium and this localization
was kept 1n well differentiated adenocarcinoma. However, in
the moderate or poor differentiated adenocarcinoma, this
localization of TMCO3 was dysregulated and TMCO3
expression was detected 1n all sides of CRC cells. Dysregu-
lation of the localisation of TMCO3 was also detected 1n the
original cohort (Data not shown). This phenomenon may
lead to acidification of CRC microenvironment because

cancer cell cannot pump out proton to the lumen side of
colon.

11. Enhancer in TMCO3 1s a Key Regulator of Oncogenic
Transcription Factor TFDP1

Finally, to clarity the target of the enhancer in TMCO3,
the data of ChIA-PET was analysed using UCSC genome
browser. The enhancer which was detected 1n FANTOMS
database was also detected in ChIA-PET data. Interestingly,
this enhancer can activate promoter of TFDP1. TFDPI 1s
already reported as oncogenic transcription factor in cancer.
Additionally, expression level in TCGA and Protein Atlas
database was analyzed. TFDP1 was upregulated in CRCs
and high TFDP1 group showed significant correlation with
worse Stage (P=0.01), positive lymph node metastasis
(P=0.01), positive distant metastasis (P=0.04) and worse
DFS (P=0.04) (FIG. 16A-F). Additionally, TFDP1 protein
was also upregulated in CRC (P=0.04) (FIG. 16G). Inter-
estingly, the expression levels of TMCO3 and TFDP1 have
a significant positive correlation in TCGA database
(P<0.0001) (FIG. 13A). In the acidic environment 1n which
TMCO3 1s upregulated, TFDPI1 1s also upregulated (FIG.
13B). This means that enhancer of TMCO3 1s activated 1n
cancer cells and promote transcription of oncogenic TFDPI.
Additionally, promoter of TMCO3 was hypo-methylated in
CRCs compared with normal mucosa, suggesting that meth-
ylation of promoter in TMCO3 may also be a key regulator
of TMCO3 expression (data not shown).

C. Discussion

In this study, 1t was at first planned to reveal cancer
specific enhancer activation using FANTOMS database.
Inventors then selected the candidates which are in the
IncRNA or protein coding gene upregulated 1in many types
of cancer. Interestingly, TMCO?3 enhancer has shown to be
able to activate the promoter of oncogenic transcription
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tactor, TFDP1 1n the ChIA-PET of UCSC genome browser.
Additionally, TMCO3 has the role as cation/proton anti
transporter 1n homology analysis. Using these steps, the
inventors selected TMCO3 and hypothesised that TMCO3
has a cancer specific enhancer activity which can activate
oncogenic TFDP1 and play a key role to maintain 1on
homeostasis 1n cancer lesion. At first, the role of TMCO?3 as
cation/proton anti transporter was analyzed.

It was first demonstrated here that TMCO3 has oncogenic
activities and has an important role 1n the maintenance of pH
in cancer environment. When TMCO3 was knocked down,
intracellular pH decreased in both SW480 and HCT116
CRC cells. Subsequently, proliferation, invasion, migration
ability was suppressed and apoptosis was induced. On the
other hand, TMCO3 1s upregulated in acidic environment,
suggesting that TMCO3 1s required to pump out proton
which 1s oversupplied by Warburg el

ect.

Next, TFDP1 was analysed, which was defined as the
target of this enhancer 1n ChIA-PET. TFDP1 was upregu-
lated 1n CRCs 1n Oncomine database. High expression of
TFDPI1 related to worse stage, positive distant metastasis
and worse DFS in TCGA database. Additionally, expression
level of TFDP1 was significantly correlated with that of
TMCO3 1n analysis of variance. TFDP1 protein was also
upregulated 1n CRC in Protein Atlas database. In acidic
culture 1n which TMCO3 was upregulated, TFDP1 was also
upregulated, suggesting that this expression correlation 1s
because of the related expression-control manner, maybe
because of enhancer-promoter connection shown 1n ChlA-
PET. In acidic environment cancer cell not only stimulate
proton pomp-out system but also accelerate malignant
potential by upregulation of TFDP1, 1n order to put up with
this stressful environment and escape from there. In fact,
acidic environment can promote metastatic potential by
activation of matrix metalloproteinase, assisting the results.

Finally, the question about the relation between expres-
s1on level of TMCO3 1tself and its enhancer activity remains
unclear. The relationship between enhancer derived RNA
and target promoter can be explained by three patterns; (A)
by directly recruiting a transcriptional activator or activator
complex, (B) via mediating chromatin looping, (C) through
evicting transcriptional repressors. Enhancer in TMCO3 has
a connection to promoter of TFDP1 in ChIA-PET, suggest-
ing that TMCO3 derived RNA may be able to activate
TFDP1 promoter using the type B manner. Now the signifi-
cance ol enhancer derived RNA 1s discussed mainly 1n Inc
RNA. However, protein coding genes also have enhancer,
like TMCO3. These findings suggest that protein coding
RNA may act as enhancer-derived RNA 1n the activation of
target gene.

In conclusion, TMCO3 can play an oncogenic role in
carcinogenesis using 1ts oncogenic enhancer and the ability
as 1ntra-cellular pH regulator. TMCO3 may be a hopetul
biomarker and target of treatment.

All of the methods disclosed and claimed herein can be
made and executed without undue experimentation 1n light
of the present disclosure. While the compositions and meth-
ods of this invention have been described in terms of
preferred embodiments, it will be apparent to those of skall
in the art that variations may be applied to the methods and
in the steps or 1 the sequence of steps of the method
described herein without departing from the concept, spirit
and scope of the mvention. More specifically, 1t will be
apparent that certain agents which are both chemically and
physiologically related may be substituted for the agents
described herein while the same or similar results would be
achieved. All such similar substitutes and modifications
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apparent to those skilled in the art are deemed to be within
the spirit, scope and concept of the invention as defined by
the appended claims.
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gtCCCCCtCC

atgctcgggc
atgcaagctc
catgaaggtg
gcaggctgty
ggtggctgcece
tctecgecag
agacgtgggc
gaaagagctyg
cctgcagggy
ggccctgaga
aaaacatcaa
tgacgagatt
acatgctttt
ggaggaagaa
gggtcttagc
ttcaaccatc
gtccttgect
tatttgtggt
ggagacatta
tccagaaaag
gttaatgatt
cgtctteatt
gggcagtgcet
gctggtgacy
ggcgggycgcc
tggtcagatt
tctcattgga
gatcttggga
ctccatggag
caccgaggag
cgcctcecata

gttcctcacc

cattctgccy

cagcgagttt

ggtgtacctc

gagagctgca

cggagatgat

agctgctect

gtgcagtcgt

gccccteggy
cggacgyggcy
agtggggcag
ttgggaagaa
gagcacgagyd
atgcagagcc
aagaatgcag
ctgtcggatg
aatgaaagtg
gattacaaag
gaggctgcaa
gttgaagccc
cttgaagatg
gacgacaata
gaggccaatt
atgctgattg
ccacgtgcag
tgtggctggc
gtacttctgy
ggagaatttyg
ctaagaaagg
gcatttggct

tccacgtgtc

cggggtgaca
caggacgtgc
agtgcatctt
CCLCLLtcac

ccectattatce

atatctgcct

ctgggctgtt

atcgccacct

gggctccacy

ttgtcagtygy

aggagcagcc

tcctttgtec

cttatactga

atcacgaggt

ggaccgtgga

tctgggaagc

gttatcccgyg

69

tcctggegcec
ggcgcggatc
agacccgtygg
gcttettety
aggtggcgca
ggcagtgggt
ttctgaacaa
aagagaaact
aaaattccgt
atgtcgtgaa
taaaggaaga
ttaaaaatat
taagaaaggc
aatcagtcaa
ctaagcaaaa
actcccagaa
atcaccactt
tatgtacagc
gaccttcagyg
gggtgttttt
tgtggaagat
tgctgtgggy
tgtccttgtc
aagaaggcga
agctcgggcet
ctagcattgt
tagcggeggt
ggaagctgca
ttatcttctt
tcctggetygg
ccatcgaacc
tgttccceccac
tggtgatgaa

agtacatcaa

tggggagcecg
gtgtgaccac
gtgtgcccag
agggaagcgt
tcgcaccttyg

cttttacaga
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tcagagcccy

cctgegtecc

attgctgtgc

ggtgctgttt

gcgtgtgatce

ccgggacagc

actgaaaact

gtttcaggty

tttccaagcet

catgaaggag

aacagaatat

gcaacatcaa

agcggatcgt

gggggtcaat

tataacaaaa

caaccagtat

tataaaggac

cataggattyg

actaaatagt

CactCcttttt

ttccttacaa

gcatctcttyg

AadCcacaccCcC

cattgactac

cttcatggcc

cgtggaagtt

CCCLCCLtLtta

catggaaagc

aatgttaacyg

agcgctegtc

catccgcgac

gtttgtggcyg

gtttcteoety

gtggatcgtc

ggcgcgaaga
gctcagcctce

accggagaga

ctgtggggag

gcaacagaac

atattcttgt

-continued

gcccaggcecy

gctgaaaatyg

CCthCCtCC

CCCgtCCttC

aaactgcacc

tgcaggaagc

gcaattggag

cacacgtttyg

gtctacggac

agcagccggce

atggaacttc

aaccaaagtt

ctggaggaag

tttgaggcag

cgagaagtgyg

attttgacca

attgttacca

cctacaatgt

attaagtcta

cttgttgget

gggccgtgtt

cggatcaaac

ctcgtgtceca

agcaccgtgce

gtcatgccga

ctccgaatcc

tgtcttgtta

aaggggaaca
gtcacggagc
tcctetecagy

ttcctggceca

tacgagctca

gcggegetgy

cctgcggggc

gcgggcgtca

ttgctcegcecce

cggtccagcec

tgagcgctta

agccctcectag

cctattttag

cggaacggtg

tgtgtctgac

ggacctggat

Cﬂtgggﬂggt

gceggygcgagygy

tctcagggcet

cagtggagaa

aaattttcca

tgcagagagc

agcgcctgga

tggcagcaga

tatccatgct

agatagagga

ttctgagggt

aggatgactt

agcccagaga

taggaatgct

ttggttatat

ttgtgcaagt

tagaatttte

acatgacact

ccacgcagag

ggttcctcat

tcctecggcat

ctctcataca

tggttttgat

taaagaagta

aagaaatcct

tgctggacgt

gcccegtggt

CCcgttttctt

cggtgctggt

tcctgtetet

ttgcccaggt

tctcteggga

ngtgﬂtgtg

tctgatggcet

gatggccagc

cagagcgtca

aattttccgyg

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

70



agtagtttat

atcaccttga

Ctttctattg

Ctttaaaaat

ttctgtaata

agcctatgtt

taaatgaaat

aatcacaaga

aatttattaa

<210>
<211>

ttgcagtctyg

atgtggtgcc

tgagttcatc

gtacaacttc

tgaagttgta

ttctaaaatyg

aatttcatgt

atatgtattc

aatctgtttt

SEQ ID NO 2
LENGTH:

677

71

ttgattatgt
tggatgtgcc
agttcatagt
agaattataa
atcctggcecy
agacaaatac
caatttctat
tttaataaag

tattaaaaaa

US 10,570,398 B2

gcagtagacc

CCCCCCLCCLL

CCCLtttagta

tctgttagtc

tgagcttgga

ggatgtctat

tagatatatc

ataatttatg

ddddaddddd

-continued

cgggacactyg

ttccctgaaa

aagaagcaaa

aaatatttgt

agcttacttt

ttgcctttta

acttaaaata

atcatggtat

ad

cgttttaccy

Ctattattaa

attaaaaggc

tattaaacat

tgattcttaa

ttgtaacttt

tttggtttta

aattaattga

<212 >
<213>
«220>
<223 >

<400>

TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

PRT

SEQUENCE :

Met Lys Val Leu

1

Pro

Tle

Trp

Agn

65

ASP

Glu

Ala

Val

Ala

145

Leu

ATg

Val

Ala
225

Gly

Trp

Lys

Val

50

2la

Val

Tle

Val

Agn

130

2la

His

Ser

Leu

Lys

210

Agn

Leu

Pro

Ala

Leu

35

ATg

Val

Gly

Phe

Tyr

115

Met

Tle

Gln

Met

Glu
105
Gly

Ser

Ser

Val

20

His

ASP

Leu

Leu

Gln

100

Gly

Val

Leu
180

Glu

Val

Met

ASDP
260

2

Gly

5

Gln

Arg

Ser

AsSn

Ser

85

Leu

Glu

Glu

Glu

165

Asp

Glu

Asn

Gln

Leu

245

Ser

ATg

Ala

Gly

Lys

70

ASpP

Glu

Gln

Ser

Glu
150
Ala

Glu

ITle

Phe

Agn

230

ITle

Thr

Synthetic Peptide

Ser

Val

Arg

Arg

55

Leu

Glu

Leu

Arg

Ser

135

Thr

Leu

ITle

Glu

Glu

215

Tle

Asp

Tle

Phe

Glu

Gly
40

Glu

Agh

2la

120

ATy

Glu

Leu

Glu

200

Ala

Thr

Ser

Pro

Phe

His

25

Val

Leu

Thr

Glu
105

Leu

Gln

Agn

Glu
185

Hig

Val

Gln

Arg
265

Trp

10

Glu

2la

Ser

2la

Leu

50

Sexr

Gln

Met
Met
170

ASpP

ala

Leu

Arg

Agn

250

2la

Val

Glu

Ala

Gly

ITle

75

Phe

Glu

Gly

Leu

Glu
155
Gln

Val

Phe

Arg

Glu
235

Agnh

ASp

Leu

Val

Met

Leu

60

Gly

Gln

Agnh

ASpP

Glu

140

Leu

Hig

ATYJ

ASP

Val
220
Val

Gln

Hig

Phe

Ala

Gln

45

Leu

Ala

Val

Ser

Tyr

125

Ala

Leu

Gln

Asp
205

Glu

Glu

His

Pro

Gln

30

Ser

ATg

Val

His

Val

110

Leu

Ala

Agn

Ala
190

Agn

Glu

ASP

Ile

Phe
270

Val

15

Arg

Arg

Gln

Glu

Thr

55

Phe

ASP

Arg

2la

Gln

175

ala

Glu

ASpP

Leu

255

Tle

Leu

Val

Gln

Lys

80

Phe

Gln

Val

Glu

Glu

160

Ser

ASpP

Ser

Glu

Leu
240

Thr

2640

2700

2760

2820

2880

2940

3000

3060

3102

72



ASDP

Thr

Leu

305

Glu

Leu

Gln

Trp

Thr

385

Gly

Leu

Ala

Tle

Phe

465

Leu

Thr

Ala

Ala

545

Ala

Thr

Leu

ITle

Phe

625

Val

Pro

Arg

Ile
2la
290

Leu

Thr

Glu

Gly

Gly

370

Ser

Leu

Val

Val

450

Ser

Ile

Glu

Val

Gly

530

Thr

Ser

Val

2la

Lys

610

Val

Val

Arg

Val

275

Tle

Gly

Leu

Phe

Pro

355

His

Leu

Ala

Gly

Met

435

Val

Leu

Gly

Tle

Thr

515

Ala

Ser

Ile

Leu

Ala

595

Trp

Leu

Leu

Leu

Ser
675

Thr

Gly

Pro

Gly

Ser

340

Leu

Ser

ATy

Met

420

Pro

Glu

Ala

Pro

Leu

500

Glu

Leu

Tle

Gly

Val

580

Leu

Ile

Gly

Leu

Trp

660

Ser

Ile

Leu

Ser

Glu

325

Pro

Leu

Leu

Gly

405

Leu

Thr

Val

2la

Tyr

485

Tle

Leu

Val

Glu

Leu

565

Phe

Vval

Val

Ser

Tle

645

ATy

Leu

Gly

Pro

Gly

310

Phe

Glu

Met

ATrg

Ser

390

ASP

Val

Leu

Leu

Val

470

Leu

Leu

Ser

Pro

550

His

Leu

Leu

Ser

ATrg
630

Leu

Ala

73

Met
Thr
295

Leu

Gly

Thr
Tle
375

Ser

Thr
Ile
Arg
455
Phe
Arg
Gly
AsSp
Ser
535
Tle
Val
Thr

Ser

Ala
615

bAla

Ser

Ala

Leu

280

Met

Agn

Val

Leu

Leu

360

Thr

Glu

Gln

Gln

440

Tle

Leu

Tle

Val
520

Gln

ATrg

Phe

Leu

Leu
600

Gly

Arg

Val

Ile

Ser

Phe

Ser

Phe

ATrg

345

Leu

Pro

Pro

Gly

ASDP

425

Ala

Leu

Leu

Leu

Ser

505

Ser

Gly

ASDP

Pro

Ser

585

Tle

Leu

Arg

Thr

Thr
665

Leu

Gly

Ile

Phe

330

Met

Thr

Leu

ASpP

410

Val

Gly

Val

Hisg

490

2la

Met

Pro

Phe

Thr

570

Val

Leu

ala

2la

Thr

650

Arg

US 10,570,398 B2

Pro

Lys

315

Thr

Val

Ile

Gln

Val

395

Ile

Gln

Ala

Leu

Leu

4775

Met

Phe

Glu

Val

Leu

555

Phe

Val

Pro

Gln

Gly
635

Leu

-continued

Cvys

Tle

300

Ser

Leu

Trp

Ala

Ser

380

Ser

ASP

Leu

Ser

Tle

460

Val

Glu

Tle

Leu

Val

540

Ala

Val

Val

AYg

Val
620

Val

Ser

Val

Gly
285
Ile

Ile

Phe

Phe
365
val

Arg

Gly

Ala

445

Gly

Tle

Ser

Phe

Gly

525

Thr

Tle

Ala

Met

Ser

605

Ser

Tle

Leu

Pro

Trp

Val

Leu

Tle

350

Gly

Phe

Phe

Ser

Leu

430

Ser

Gln

Leu
510

Glu

Val

Lys
590

Ser

Glu

Ser

Leu

ATg
670

Leu

Gly

Gln

Val

335

Ser

Leu

Tle

Leu

Thr

415

Phe

Ser

Tle

Gly

495

Met

Phe

Glu

Phe

Glu

575

Phe

Gln

Phe

Arg

Leu

655

Pro

Val

Val

320

Gly

Leu

Leu

Ser

Met

400

Val

Met

Ser

Leu

Tyr

480

Agn

Leu

Leu

ITle

Phe

560

Leu

Leu

Ser

Glu
640

b2la

Glu

74



7S

<210> SEQ ID NO 3

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 3

ctgagtccga atcaggtgca g

<210> SEQ ID NO 4

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 4

atccatgggg agatgttctg g

<210> SEQ ID NO b

<211> LENGTH: 21

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 5

gccgaaacaa gaagaaggag a

<210> SEQ ID NO o6

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: o

tcgttcettga gctcectcaat ¢

<210> SEQ ID NO 7

<211> LENGTH: 20

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence

«220> FEATURE:
<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 7

gttctccage gacaaggcta

<210> SEQ ID NO 8

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 8

atcctgettg ctgttgttgyg

<210> SEQ ID NO ©

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

US 10,570,398 B2

-continued

21

21

21

21

20

20
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77

<400> SEQUENCE: 9

agaaccagga aacggaaaca ga

<210> SEQ ID NO 10

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 10

tctecttcat gecgetgettt

<210> SEQ ID NO 11

<211l> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 11

acaccececag cactcacttt

<210> SEQ ID NO 12

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 12

ggcccttgee attcttcetet

<210> SEQ ID NO 13

<211l> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

«220> FEATURE:
<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 13

ctgcaccacce aactgcttag

<210> SEQ ID NO 14

<211l> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 14

gtcttctggg tggcagtgat

<210> SEQ ID NO 15

<211l> LENGTH: 195

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 15

gaggcccacg ttctaacct

<210> SEQ ID NO 16

US 10,570,398 B2

-continued

22

20

20

20

20

20

195
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79

80

-continued

<211>
<212 >
<213>
220>
<223 >

LENGTH: 20
TYPE: DNA
ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 16

cgttaggagt cacaggaggg

The 1nvention claimed 1s:

1. A method of treating an advanced colorectal cancer 1n
a patient determined to have an elevated TMCO3 expression
level 1n a biological sample from the patient as compared to
a biological sample from a patient with early colorectal
cancer, the method comprising treating the patient with a
TMCO3 1nhibitor or with adjuvant therapy.

2. The method of claim 1, wherein treating the patient
with the adjuvant therapy or TMCO3 inhibitor comprises

providing to the patient a pharmaceutical composition com-
prising an advanced colorectal cancer treatment, wherein the
pharmaceutical composition further comprises a lipid com-
ponent.

3. The method of claim 1, wherein the advanced colorec-
tal cancer comprises one or more of category 13 or T4
colorectal cancer; lymph node metastasis; N1 and/or N2
colorectal cancer; distant metastasis; distant liver metastasis;

and M1 colorectal cancer.

4. The method of claim 1, wherein the advanced colorec-
tal cancer comprises Stage and/or Stage IV colorectal can-
cer.

5. The method of claim 1, wherein the method comprises
treating the patient with adjuvant therapy and wherein the
adjuvant therapy comprises one or more ol cetuximab,
fluorouracil, oxaliplatin, irinotecan, bevacizumab, panitu-
mumab, afibercept, leucovorin, capecitabine, and radio-
therapy.

6. The method of claim 1, wherein the method further
comprises surgical removal of one or more secondary
tumors.

7. The method of claim 1, wherein the method comprises
treating the patient with an eflective amount of a TMCO3
inhibitor.

8. The method of claim 7, wherein the TMCO3 1nhibitor
1s an 1solated nucleic acid molecule that hybridizes with a
nucleic acid molecule encoding TMCO?3.
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9. The method of claim 8, wherein the TMCO3 1nhibitor
1s an siRNA, a double stranded RNA, a short hairpin RNA,

or an antisense oligonucleotide.
10. The method of claim 9 wherein the TMCO3 1nhibitor

1s an siRNA.
11. The method of claim 7, wherein the TMCO?3 1nhibitor

1s an antibody that binds to a TMCQO3 protein and inhibits

the activity of TMCO3.
12. The method of claim 7, wherein the TMCQO?3 1nhibitor

1s a small molecule compound.

13. The method of claim 1, wherein the biological sample
from the patient and the biological sample from the patient
with early colorectal cancer each comprise a tissue sample

comprising colorectal cancer cells.

14. A method of treating Stage II colorectal cancer 1n a
patient determined to have colorectal cancer cells with
clevated TMCO3 expression level as compared to colorectal
cancer cells from a patient having Stage 1 colorectal cancer,
the method comprising administering a therapy to the
patient, wherein the therapy comprises cetuximab, fluorou-
racil, oxaliplatin, irinotecan, bevacizumab, panitumumab,
afibercept, leucovorin, capecitabine, radiotherapy, or a com-
bination thereof.

15. The method of claim 14, wherein the method further
comprises providing a TMCQO3 1nhibitor.

16. The method of claim 5, wherein the adjuvant therapy
comprises fluorouracil, leucovorin, and oxaliplatin.

17. The method of claim 5, wherein the adjuvant therapy
comprises capecitabine and oxaliplatin.

18. The method of claim 14, wherein the therapy com-
prises fluorouracil, leucovorin, and oxaliplatin.

19. The method of claim 14, wherein the therapy com-
prises capecitabine and oxaliplatin.
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